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EXECUTIVE SUMMARY

The New Brunswick Department of Transportation (NB-DOT) has requested
proposals from consortia to design, build, operate and transfer a new four-lane
controlled access toll highway between Fredericton and Moncton The functional
design of the highway will be a major component of the proposal submission To
ensure that safety issues are explcitly considered as part of the functional design,
Maritime Highway Corporation, one of the consortia invited to prepare a proposal
submission, commissioned Hamilton Associates to independently review and
comment on the safety features of the design This report 1s the product of the
independent safety review

The objective of this review I1s to identify opportunities to make the design of the
new Fredericton - Moncton Highway safer It 1s acknowledged that safety 1s one
of many considerations that the highways designers need to balance in the design
process Many of the recommendations of this report are therefore intended to
prompt NB-DOT and MHC to consider the "safety value added" by enhancing
specific highway design elements At the same time, some of the issues identified
in this safety review may be incorporated into the revised functional design
drawings which will be submitted as part of the MHC proposal

This safety review was based upon the functional design drawings prepared by
MHC, the project Request for Proposal (RFP) including the design criteria, and
supporting background documents.

The safety review was undertaken in a relatively short ime frame, and therefore
only encompasses the general design features and geometric elements Not all
items were reviewed In detail, and some recommendations In this report are
simply intended to highlight features which should be checked at the functional
or detailed design stages

HAMILTON ASSOCIATES ES-1



FREDERICTON - MONCTON HIGHWAY  Road Safety Audit Seminar References, Page 5
SAFETY REVIEW FOR THE FUNCTIONAL DESIGN STAGE

The results of the safety review are presented under the following headings:

Vertical Alignment

Horizontal Ahignment

Cross Section Elements
Interchanges

Traffic Operations and Control
The Toll Plazas

Other Issues

The findings and recommendations of the safety review addressing individual
design elements are presented individually under each sub-section Some
recommendations are for MHC to review location-specific design elements to
Justify standards used (for example for some interchange elements), or to address
safety concerns (for example to avoid ponding) Other recommendations are for
the joint consideration of MHC and NB-DOT to enhance safety on the highway (for
example by reviewing shoulder width design requirements)  Finally, the section
on the Toll Plazas addresses the safety features of the design concept proposed
by MHC, and recomn']ends alternatives for further consideration.

It 1s recommended that continued safety input be obtained during the detailed
design stage to ensure that safety i1ssues continue to be explicitly addressed By
continuing to place an approprately high emphasis on road safety at all the
stages of this project, MHC and NB-DOT will ensure delivery of a high quality
modern highway

HAMILTON ASSOCIATES ES-2
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1.0 INTRODUCTION

1.1 Background

The New Brunswick Department of Transportation has requested proposais from
consortia to design, build, operate and transfer a new four-lane controlled access
toll highway between Fredericton and Moncton Maritime Highway Corporation
(MHC) 1s submitting a proposal in response to this request

The functional design of the highway will be a major component of the proposal
submission. To ensure that safety issues are explicitly considered as part of the
functional design, MHC commissioned Hamilton Associates to independently
review and comment on the safety features of the design This report 1s the
product of the independent safety review

1.2 Context

The objective of this review is to identify opportunities to make the design of the
new Fredericton - Moncton Highway safer In doing so, it is acknowledged that
safety 1s one of many considerations that the highways designers need to balance
In the design process, including cost, the environment, geotechnical conditions
and nght-of-way availability This review is therefore focused on safety, with the
anticipation that in general, the findings will be used as input to the design, rather
than as a design requirement. Many of the recommendations of this report are
intended to prompt the New Brunswick Department of Transportation and MHC
to consider the "safety value added" by enhancing specific highway design
elements.

It 1s also important to note that from an overall transportation network perspective,
it is expected that building the Fredericton - Moncton Highway will in itself improve
the safety of vehicle travel in New Brunswick. The October 1995 Transportation

Issues and Assessment of Alternatives report by Washburn & Gillis Associates

estimated that the new highway will save more than 3,600 vehicle crashes over a
20 year period compared to the existing highway connections

HAMILTON ASSOCIATES 1
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Finally, it is stressed that as long as there are vehicles on the road, there i1s no
"absolutely safe" highway. There are simply varying degrees of safety, and the
goal of the design should be to provide a highway which 1s as safe as possibie
within the project constraints.

Within this context, this safety review aims to provide advice to the design team
in order to deliver a safer highway

1.3 Basis

This safety review was based upon the functional design drawings prepared by
Maritme Highway Corporation (MHC) The safety review was undertaken as part
of the internal peer review intiated by MHC in May and June, 1997. In addition to
reviewing the drawings, the safety review consisted of reviewing the project
Request for Proposal (including the design critena) and supporting background
documents, as well as discussions with MHC engineers to gain insight into the
design issues.

it 1s expected that many of the issues identified in this safety review will be
incorporated into the revised functional design drawings which will be submitted
as part of the MHC proposal

The safety review was undertaken in a relatively short time frame, and therefore
only encompasses the general design features and geometric elements Not all
items were reviewed in detail, and some recommendations in this report are
simply intended to highlight features which should be checked at the functional
or detailed design stages. It is recommended that continued safety input be
obtained during the detailed design stage to ensure that safety issues continue
to be explicitly addressed.

HAMILTON ASSOCIATES 2
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2.0 VERTICAL ALIGNMENT

21 Maximum Vertical Grade
A.  Comments on Design Criterion

A maximum vertical grade of 5.0 percent was specified by the design critena for
the Fredericton-Moncton Highway. A review of Canadian and international design
standards indicated that for high-speed controlled-access faciiities, the maximum
grade is typically 3.0 percent for "level" terrain or 4.0 percent for "rolling" terrain.
A maximum grade of 5.0 percent is usually only specified for "mountainous"
terrain  According to discussions with MHC engineers, the terrain along the
Fredencton-Moncton Highway alignment i1s undulating, and perhaps best
classified between "rolling" and "mountainous”.

In the future, it may be desirable for the New Brunswick Department of
Transportation to review the required maximum vertical grade design standards
for different terrain types A clarification of the classification of the terrain for the
Fredericton - Moncton Highway alignment would also be desirable.

From a safety perspective, mild vertical grades are preferred to steep grades.
Steep grades provide more stress on the driver and the vehicle, increase the
speed differential between vehicles, and encourage more passing and lane
changing manoeuvres This results in the potential for more driver errors and
vehicle breakdowns.

B Functional Design Review

The review of the functional design drawings indicated that the maximum vertical
grade of 5.0 percent had generally been adhered to. One section which
marginally exceeded 5.0 percent 1s presented in APPENDIX A. The majority of the
vertical alignment did not exceed a maximum grade of 4 percent. There are
therefore no safety concerns with this aspect of the design

HAMILTON ASSOCIATES 3
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2.2 Minimum Grade

The typical minimum design grade of 0 5 percent was specified in the design
criteria The criteria also indicated that a flat grade may be needed through the
Grand Lakes Meadows area (east of the Saint John River crossing area) for
environmental reasons. The review of the functional design drawings indicated
that a minimum design grade of less than 0.5 percent was used along some
sections, as presented iIn APPENDIX A A few of these locations coincided with
horizontal curves, as indicated in APPENDIX A, raising the possibility of a flat
cross fall (due to super-elevation) coinciding with a flat vertical profile  The design
of these sections should therefore be reviewed detail to minimize any potential for
ponding.

2.3 Other Vertical Alignment Elements
The design criteria specify a minimum K value of 105, and a minimum vertical
curve of 120 metres. These criteria are desirable from a safety perspective to

reduce the nisk of fixed-object and loss-of-control crashes The functional design
drawings should be reviewed to ensure that these criteria were adhered to.

HAMILTON ASSOCIATES 4



FREDERICTON - MONCTON HIGHWAY Road Safety Audit Semmar References, Page 10
SAFETY REVIEW FOR THE FUNCTIONAL DESIGN STAGE

3.0 HORIZONTAL ALIGNMENT

3.1 Minimum Radius

A minimum horizontal turning radius of 750 metres was specified in the design
critenia. However, the criteria requested that radii of less than 1,500 metres be
justified The review of the functional design drawings indicated that all of the
horizontal turning radi were larger than 750 metres However, radn of less than
1,500 metres were identified at several locations, as identified in APPENDIX B.

According to the design criteria, the functional design needs to provide
justification for each instance when a radius of less than 1,500 metres is used
Once these justifications are available, they can be reviewed from a safety

perspective

In general, for a maximum mainline super-elevation of 6 0 percent (as required by
the design criteria for this project), radi of more than 750 metres are considered
adequate from a safety perspective for the highway design speed of 120
kilometres per hour, and this iIssue does not raise any safety concerns.

3.2 Adjacent Horizontal Curves

The design criteria require that a minimum tangent section of 500 metres be
provided between two horizontal curves. This is desirable from a safety
perspective to reduce the potential for off-road crashes The functional design
drawings should be reviewed to ensure that this criterion was adhered to.

3.3 Stopping Sight Distance

The effect of the horizontal and vertical geometry on stopping sight distance is
generally closely examined during the design However, sight distance can also
be affected by barriers, guard-rails and trees along horizontal curves, and these

features are sometimes overlooked

HAMILTON ASSOCIATES 5
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Guard-rails placed adjacent to curve sections could impede sight distance and
reduce it to less than the minimum 240 metres specified in the design criteria
This 1s particularly true on curves with radil less than 1,005 metres The functional
design should therefore be reviewed to identify any such areas of concern both
along the mainline and on the interchange ramps and loops One such example
was found at Station 134 + 400 along the eastbound lanes

HAMILTON ASSOCIATES 6
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4.0 CROSS SECTION ELEMENTS

4.1 Median Width

From a safety perspective, providing a wide median I1s desirable to reduce the
potential for cross-over and fixed object type collisions The design criteria allow
for three median types.

] Type |, providing a median width of 72 6 metres
] Type |l, providing a median width of 22 6 metres
» Type Ill, providing a median width of 6 6 metres with a median barrier.

Therefore, from a safety perspective, the use of the Type | median should be used
whenever possible, while the use of the Type lll median should be minimized

The median width i1s measured between the edges of the travel lanes, and
therefore includes the inside shoulder widths The design criteria specify the
locations along the aignment where each median type should be used The Type
lll median was specified for only one location, near the Route 695 Interchange
This area ts near the interface of design Sections 7 and 8, and a narrow median
1s needed due to environmental constraints.

A review of the functional design indicated that the Type i median was also used
for a length of approximately 1,800 metres, near the interface of design Sections
4 and 5. The results of the median width review are shown in APPENDIX C The
need for a Type Il median at this section should be reviewed in detaill and

Justified

Due to the reduced clear zone, barriers need to be provided in the transition
sections between Types Il and il

HAMILTON ASSOCIATES 7
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4.2 Shoulder Widths

The design criteria require a 3 0 metre outside shoulder width, and a 1.5 metre
inside shoulder width along the mainline of the highway However, only 0 8
metres of the shoulder widths are required to be full strength pavement The rest
of the shoulder width may remain unpaved. This is similar to the typical Ontario
shoulder design standards

There 1s a consistent documented relationship between increasing the paved
shoulder width and reducing collisions Other provinces, such as Brnitish
Columbia, require the full shoulder width to be paved on all highways It 1s
therefore recommended that the New Brunswick Department of Transportation
and MHC examine the added value (including safety and maintenance benefits)
of paving the entire width of both the inside and outside shoulders. As a start,
consideration can be given to providing a full paved shoulder along horizontal
curves, where the likelihood of off-road and loss-of-control collisions increases

4.3 Bridge Shoulder Widths
The design criteria specify the following bridge shoulder width requirements

« 3 0 metre outside shoulders and 2 5 metre inside shoulders for bridges shorter
than 100 metres.

« 2.0 metre outside shoulders and 1.5 metre inside shoulders for bridges longer
than 100 metres

Reducing the shoulder width requirements on structures i1s primarily a cost saving
measure. From a safety perspective, maintaining (as a mimimum) the same
shoulder width on the bridges as on the rest of the road 1s preferred, especially on
longer structures where the likelihood of a vehicle breakdown or collision
increases The trend in the United States is to maintain full pavement width across

bridges.

HAMILTON ASSOCIATES 8
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It 1s recommended that the New Brunswick Department of Transportation
consider the value of revising the bridge cross-section standards to provide for
the continuation of full-width shoulders on long structures The benefit/cost trade-
offs of maintaning a 1 5 metre inside shoulder on shorter structures (instead of
widening to 2.5 metres) and maintaining a 3 0 metre outside shoulder on longer
structures (instead of narrowing to 2 0 metres) may be worth evaluating

4.4 Clear Zones
A Comments on Design Criterion

For the placement of longitudinal barriers to protect vehicles from road-side
hazards, the design criteria reference the New Brunswick Highway Design Guide
(Section 11 of the Highway Design Criteria and Standards section of the RFP)
The Design Guide in turn refers to the TAC Manual on Highway Design for the
defintion of clear zones. According to the TAC Manual, a highway design speed
of 120 kilometres per hour with a side-slope of 6 1 requires a clear zone of about

12 metres.

The TAC manual also requires that the clear zone be a function of the side slope
and the hornizontal curvature of the highway The clear zone needs to be widened
with steeper side-slopes, and also with increasing horizontal curvature.

However, In another section of the Request for Proposal (RFP), the clear zone
appears to be defined and fixed at 10 metres Specifically, Drawing 2.1B of the
RFP (Typical Bridge Sections) defines the clear zone to be 10 metres for bridge

plers.

It 1s recommended that the New Brunswick Department of Transportation clarify
this 1Issue From a safety perspective, a wider clear zone is preferred

HAMILTON ASSOCIATES 9
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B. Functional Design Review

During the detailed design stage, a detailled review is required to ensure that
adequate barrier protection 1s provided for all bridge piers and other hazards
which are within the clear zone (at least 10.0 metres, until the above issue 1s
clarified).

Also at the detailled design stage, the added value of providing barrier protection
for major hazards which are marginally outside the clear zone can also be

considered.

4.5 Side-Slopes

The design criteria generally require a side-slope of 6:1 for vertical drops of 2.0
metres or less, 4:1 for vertical drops of between 2.0 and 5.0 metres; and 2 1 with
guide rail for steeper drops. From a safety perspective, shallower side-siopes are
preferred, and side-slopes which are steeper than 4:1 are considered

unrecoverable.

The functional design drawings should be reviewed to ensure that the side-slopes
are provided at least in accordance with the above criteria.

Longitudinal barriers for side-slopes between 2 1 and 4:1 need to be provided in
accordance with the TAC Manual procedures. From a safety perspective, the
TAC procedures are assumed to balance the hazard created by the guide rail with
the side-slope hazard. At the detailed design stage, a drawing review should be
conducted to ensure that barrier protection has been provided according to TAC

procedures.

HAMILTON ASSOCIATES 10
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4.6 Guide Rail Characteristics

A Length

During the detalled design stage, it 1s recommended that the length of the required
guard rails along the mainline and the interchange loops and ramps be checked
to ensure compliance with New Brunswick and TAC design requirements

B End-Treatment

The design criteria do not specify the required end-treatment for guard rails
Similarly, the New Brunswick Highway Design Guide does not address this issue
The TAC Manual on Highway Design suggests several end-treatments, including
buried/flared ends However, recent practice avoids the use of buned/flared
guard rails for safety reasons, especially the potential for "launching" vehicles

In the United States, Ontario, and British Columbia, energy absorbing flared or
tangent end-treatments have been adopted instead of buried/flared treatments
The 1993 NCHRP 350 report 1s typically being used as a guideline for new barner
designs.

It 1s therefore recommended that the end-treatment of guard rails along the
Fredericton-Moncton Highway be in accordance with the latest practice elsewhere
in Canada and the United States, and the use of buried/flared end-treatments be

avoided.

HAMILTON ASSOCIATES 11
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5.0 INTERCHANGES

5.1 Overview

The design criteria outline specific requirements for four “major" interchanges, and
separate requirements for the other ‘regular’ interchanges. The major
interchanges are expected to serve higher traffic volumes and connect to higher
class roadways.

The functional design of the interchanges was reviewed at a preliminary level and
compared to the design criteria. The results are summarized in APPENDIX D

5.2 Major Interchanges

A left-side merge was identified at Interchange B (East Fredericton High Speed
Connector). The need for a left-side merge should be justified and alternatives

explored.

Several apparent deficiencies were identified at Interchange D (Route 2 High
Speed Connector). One horizontal radius was found to be below the minimum
(340 metres compared to 440 metres); two vertical curve (one crest and one sag)
appeared to have sub-standard K values, a vertical grade which is steeper than
maximum was identified; and back to back vertical curves were identified. The
design of this interchange should therefore be reviewed in detail to confirm that
appropriate standards were applied.

5.3 Regular Interchanges

Several horizontal curves with less than the minimum required radius were
identified, and the locations of these curves are summarized in APPENDIX D. The
design of these curves should be reviewed to identify opportunities to for
improving the turn radius.

HAMILTON ASSOCIATES 12
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6.0 TRAFFIC OPERATIONS & CONTROL

6.1  Traffic Operations

The predicted traffic volumes along the highway are relatively low The AADT 1s
expected to be around 7,000 vehicles per day near Fredercton, around 5,000
approximately mid-way between Fredericton and Moncton, and approximately
9,000 near Moncton The two-way peak hourly volumes are expected to be
between 400 and 750 vehicles per hour. In general, a four-lane freeway will
provide excellent capacity and levels of service for this volume demand

A preliminary review indicated that the spacing between the following
interchanges was relatively close (less than about 4 0 kilometres).

[ Longs Creek Interchange and Route 3 (St Stephen) Interchange (2 3
kilometres)

= Route 7 Spht (Fredericton East) and Nevers Road Interchange (less than
2 kilometres)

[ Three interchanges in sequence Waasis Road / Route 102 Interchange;
Oromocto East Connector Interchange, and Route 7 / Route 660 Saint
John Interchange

. Route 102 (Coy Town) Interchange and Old Route 2 (Jemseg) Interchange
(about 4 kilometres)

L Route 2 (Trans Canada Highway) High Speed Connector to the River
Glade High Speed interchange

A further review of the separation between the on-ramps and off-ramps at these
interchanges indicated that in general, sufficient separation (more than 800
metres) 1s provided to ensure efficient weaving operations As well, the ramp
volumes are anticipated to be relatively low, further reducing the potential for
inefficient weaving operations.

HAMILTON ASSOCIATES 13
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However, as a value-added consideration, the potential for providing auxihary
lanes between two closely-spaced interchanges can be investigated
Alternatively, a Value Engineering analysis could examine the implications of
postponing or canceling an interchange if it Is close to another interchange. The
safety implications of Value Engineering are discussed in Section 8 of this report

6.2 Signing and Pavement Marking

Traffic control signs will be finalized at the detaled design stage For the
functional design plans, signing information is generally restricted to location and
quantity. In finalzing the signing requirements, it 1Is recommended that the
following areas receive particular attention

» The approaches to the toll plazas on the mainiine. Due to the unusual mixture
of high speed flow-through traffic with stopping traffic at the plazas, careful
signing will be needed to guide drivers through these sections As a minimum,
this will require clear and early warning signs to-

= warn all drivers that a toll plaza 1s approaching;

= assign vehicles to the appropriate lanes (with/without
transponders);

= warn vehicles without transponders of the need to stop, and

= assign vehicles without transponders to the appropriate lane
(machine / booth payment).

« The approaches to the ramp and loop toll stations. These areas will require
extremely careful, deliberate and repetitive signing and road cues because
drivers do not typically expect any interference along freeway loops and
ramps. Signing will be needed on the intersecting highways and arterials, with
appropriate and carefully selected wording to prepare drivers for the toll
stations.

HAMILTON ASSOCIATES 14
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Signing 1s especially critical since tourists and visitors (infrequent users) are
expected to account for a significant portion of traffic on the highway

Due to the unusual nature of the above described signing conditions, the added
requirement for bilingual signs, and the expected significant proportion of tourist
traffic, it is recommended that a Canadian human factors expert be consulted in
the development of the sign contents and the road features along these sections
of the highway.

Along all roads connecting to the Fredericton-Moncton Highway, early warning
signs will be needed advising drivers that this is a toll road.

Pavement marking will need to be reviewed in conjunction with the signing at the
detailed design stage.

HAMILTON ASSOCIATES 15
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7.0 THE TOLL PLAZAS

7.1 Concept

The design criteria require that the highway provide an optional flow-through toll
system The highway will therefore need to provide a dual toll service:

. Flow-through uninterrupted service for vehicles equipped with Automatic
Vehicle Identification (AVI) or Electronic Toll Collection (ETC) transponder

technology; and
. Toll plaza service for vehicles not equipped with AVI and ETC technology

This dual toll service requirement stems from the need to equrtably serve the
significant tourist and recreational traffic which will use the highway infrequently,
as well as the commuters and commercial vehicles who will use the highway on
a more regular basis.

The proposed MHC solution to this design requirement provides a three lane
cross-section (per direction) as a single fiow through lane is developed to the
outside of the two-lane mainline and proceeds uninterrupted through the toll area
The two mainline lanes then proceed to the toll plaza area, with one lane providing
automatic coin machine (ACM) service, and the other lane providing full toll booth
attendant service. The toll booth is therefore provided for the inner-most lane,
adjacent to the highway median

The flow-through lane 1s separated from the toll plaza lanes by a 3.5 metre wide
shy-distance which is developed using highway tapers, and includes a barrier.

After clearing the toll area, the two toll plaza lanes merge to one lane, and the flow-
through lane is tapered back adjacent to this lane to return to a two-lane cross
section per direction

HAMILTON ASSOCIATES 16
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7.2 Safety Considerations

The toll plaza treatment concept proposed by MHC provides a relatively
sophisticated solution with a high level of safety and driver comfort:

] For flow-through traffic, there 1s no interruption to service, and there is
physical separation with shy distance and a barrier to the toll booth and
ACM facilities.

L For the toll plaza traffic, there 1s no drop in highway capacity, and no

interference from high-speed flow-through vehicles

= For the toll booth attendants, there i1s no need to encroach on to the
highway, and the toll plazas for each highway direction face each other
across the median, allowing circulation between the plazas without
affecting highway traffic

7.3 Alternatives

Whereas the MHC proposed design provides good safety features, the following
alternatives may also be considered and evaluated to further enhance safety:

. Rather than developing the flow-through high-speed lane as a right-side
diverge movement from the mainline, consider "splitting" the two mainline
lanes into a high-speed lane (the right lane) and a toll plaza lane (the left-
lane) The second toll plaza lane can then be developed as a left-side
diverge off the toll plaza mainiine lane.

The safety advantages of this alternative are that
— the high-speed flow through traffic would not need to diverge off the

mainline to clear the toll area. Flow-through traffic simply stays in
the right lane.

HAMILTON ASSOCIATES 17
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— the only diverge movement occurs at very low speed within the toll
plaza area

— a symmetry is established between the diverge and merge areas
(the toll booth lane 1s the one to diverge from and merge back into
left mainiine lane)

To achieve this configuration, the centreline of the highway may need to be
shifted to the outside (using a gradual horizontal curve) upstream of the toll
plaza to retain the required median width between the opposing flow
directions at the plaza

. The shoulder widths which are indicated on the functional design drawings
for the toll plaza section may need to be reviewed. A total clearance of 4 6
metres is provided between the ACM lane and the barner providing
separation from the flow-through lane However, a total clearance of only
1.0 metres 1s provided between the flow-through lane and this barner As
well, the outside shoulder width of the flow-through lane is reduced from
3.0to 2.5 metres in the toll plaza section Although a wide (4.8 metre) flow-
through lane is provided, consideration may be given to providing wider
shoulders for the flow-through lane, since speeds In this lane will be high,
a high proportion of users will be large trucks, and to allow continued
throughput in the case of a vehicle breakdown

[ As a iong-term consideration, it may be desirable to make allowance for
the future provision of two high-speed flow through lanes It s likely that
future technology will equip most vehicles with AVI/ETC capabilty, and the
demand for the flow-through service may in the long term exceed single

lane capacity.

Signing of the toll plaza section needs to be carefully considered and addressed
This was previously discussed in Section 6 of this report.
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7.4 Toll Stations on Entry/Exit Loops and Ramps

The tolling concept proposed by MHC includes toll stations on selected highway
entry and exit loops and ramps. In finalizing the design of these stations, it is
important to take the following into consideration:

= Provide the maximum visibility possible Avoid placing the toll station on
curve sections or vertical grades Make use of tangent and level sections
whenever possible.

. Maximize the available queuing and storage distance, without affecting the
operations of the loop or ramp, the highway, or the connecting artenal.

» Avoid configurations where vehicles may need to back up Prowvide the
change machine and the toll machine at a single location

[ Whenever possible, provide pull-outs for users of the toll machines, so that
AVI/ETC vehicles are not unnecessarily delayed on the loops and ramps

As discussed in Section 6, signing on the approaches to the loop/ramp toll
stations (both from the highway and the connecting artenal) is important to warn
drivers of the impending need to stop.
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8.0 OTHERISSUES

8.1 Speed Limit

The design criteria require that sections of the highway which have already been
built or designed meet a 110 kilometres per hour design standard, while new
sections should meet a 120 kilometres per hour design standard All of the
highway will be posted at a speed limit of 110 kilometres per hour

This varniance in the design speed will result in the highway providing varying
“margins of safety" Sections which are designed at 120 km/h will provide cues
to the driver that a certain safety margin exists between the posted and design
speed This safety margin will be reduced along sections which are designed at
110 km/h Analytical tools are now available to quantify this relative loss in safety

Given the design speeds which are being discussed (110 and 120 km/h), this
1Issue does not raise significant safety concerns, since both these design speeds
generally provide an excellent driving environment

However, it would be desirable if the critical safety features of the highway were
designed (or revised) to be consistent throughout with the higher design speed
requirements These features could include energy-absorbing devices (barriers
and guard rails), side-slopes and the clear zone It is therefore recommended that
the New Brunswick Department of Transportation and MHC seek cost effective
opportunities to upgrade the safety features of the 110 km/h design speed
sections to be consistent with the 120 km/h design speed sections.

8.2 Cross-overs

Cross-overs need to be provided to allow emergency and maintenance vehicles
the ability to reverse direction on the highway However, on a toll facility, there
may be an increased potential for unauthorized use of cross-overs to avoid

passing through a toll plaza
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This may result in a higher risk of high-speed rear-end and merging crashes The
design and signing of the cross-overs should therefore clearly discourage
unauthorized use while maintaining emergency and maintenance vehicles access

8.3 lHlumination

From a safety perspective, increasing the amount of light at interchanges 1s
desirable The design criteria require illumination at the interchanges, with a
higher level of illummation at the four "major" interchanges and lesser illumination
at the other interchanges It i1s not unusual for different interchanges to be
lluminated at different levels, to account for vanations in complexity and expected
traffic volumes

However, 1t 1s recommended that the illumination standards required by the
design criteria at “regular” interchanges be reviewed by an electrical engineer for
comparison with the latest standards from TAC, other provinces, and the United
States. If the design criteria illumination standards are found to be consistently
lower than other standards, the New Brunswick Department of Transportation and
MHC may give consideration to examining the added value of upgrading the
ilumination requirements

At the detailed design stage, the location of illumination poles relative to the clear
zone should be reviewed in detail, including the provision of breakaway poles and
barrer protection Breakaway poles near horizontal curves may create an added
hazard, and this should be taken into consideration at the detailed design safety
review stage

8.4 Weather Warning and Control Devices
Some sections of the highway may be exposed to a relatively high frequency of
fog or poor visibility conditions. The low-lying areas near the Saint John River

crossing may be particularly susceptible to such conditions. Other sections of the
highway may also be susceptible to snow drifts and high winds
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It 1s recommended that local weather experts be consulted on the potential for
these conditions, and that consideration be given to providing counter-measures
where appropriate. The counter-measures could include-

« Advanced Weather (and Fog) Warning Systems which automatically sense
poor driving conditions and warn drivers to adjust driving behaviour.

« Wind Barners and Snow Fences

If these features are not incorporated into the design, it 1Is recommended that
weather conditions on the highway be monitored upon opening to determine the
need for these counter-measures.

8.5 Value Engineering Implications

The design critenia and the functional design of the Fredericton-Moncton Highway
may be subjected to a Value Engineering analysis prior to the preparation of the
final design It 1s recommended that the recommendations of the Value
Engineering analysis be subjected to a rigorous and independent safety review
Experience has demonstrated that apparent cost savings identified by Value
Engineering may be detrimental to the safety of a project, and therefore more
costly when life-cycle costs are considered.

To avoid confiict between the Value Engineering recommendations and safety, it
Is recommended that any Value Engineering analysis conducted for this project
pursue true "added value" to the project, taking into consideration all the project
constraints and characteristics, rather than just immediate cost savings

HAMILTON ASSOCIATES 22
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Ro d Safety Aud't Process

IN OUR CONTINUING
SERIES OF FEATURES ON
SAFETY, A PENNDOT
OFFICIAL EXPLAINS HOW
THE ROAD SAFETY AUDIT
PROCESS ADDS VALUE IN
THE FOR OF REAL
SAFETY BENEFITS TO
ROAD USERS IN
PENNSYLVANIA.
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DOT’s Ro d Test of the

DID YOU EVER THINK AN AUDIT
could be beneficial, educational and fun’
Through a pilot process that has been
underway since April 1997, the Pennsyl-
vania Department of Transportation
(PennDOT) appreciates that the road
safety audit (RSA) process can be that and
even more

PennDOT 15 utilizing a pilot to deter-
mune if the RSA process adds value, if
and how 1t can be incorporated utilizing
existng resources and if 1t will delay pro-
ject delivery Soon after implementauon,
it became obvious that the RSA process
can add value 1n the form of real safety
benefits to road users The Pennsylvania
Transportation Insutute of the Pennsyl-
vamia State University conducted prior
research to assist PennDOT’s pilot and 1
evaluating the progress to determine how
to effectively adapt it for use

The process 1s not a radical change in
project development, however, 1t 1s a
change Since change 1s not always well
accepted, the audits were not forced into
project development by demanding
actuons where they could create disrup-
uon or chaos Instead, ciung of potenual
problems was made 1n such a manner to
test ats limuts

ELE ENTS OF THE RSA

To appreciate the value and unique-
ness of the RSA process, one must
understand 1ts elements The process
ensures that safety 1s an integral part of
the project by requiring a safety analysis
at criical stages of project development

[te, feasibility, pre-
design, pre-opening
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(construction) and in-service phases]
Audits are conducted by a team of
experts from all disciplines of highway
engineering, with assistance from experts
in fields of human factors, law enforce-
ment and nisk management Audit teams
are 1ndependent from those involved

with the design to ensure 1t remains resis-
tant to constraints found 1n project
development A series of field reviews are
conducted throughout project develop-
ment that can identfy safery concerns
that routine plan reviews may not Com-
prehensive checklists are used to prompt
thought and include mulumodal safery
concerns for all road users, including
pedestrians, bicyclists, trucks, buses,
emergency vehicles and railroads Audits
do not evaluate the project manager as
the term “audit” may imply They evalu-
ate the roadway’s crash potenual and
proacuvely attempt to prevent crashes
from occurnng Audits also attempt to
anucipate potential problems based on
human factors, but they are not intended
to reacuvely resolve existng crash prob-
lems Once the audit 1s complete, the
audit team generates a formal audit
report, and the project manager formally
responds with actions taken or why
actions were not taken

RSA PROCESS

Agencies should utlize the strengths
of their organization in determining how
1o adapt the process PennDOT adapted
a procedure similar to Australia’s

1 Achieve management commit-
ment, or “buy-1n,” to allow the process
to succeed by having support when ume
and money are jeopardized The process
distracts normal project development by
adding reviews that result in changes,
additions and/or deletions of portions of
the design This can create delays, cost
overruns and conflicts if those involved
do not understand, accept and prepare
for the possibility for change A willing-
ness must exist to redesign, investigate
new ideas, move outside scopes of work
and possibly adjust the overall program
to find funds

2 Carefully select a coordinator and
audit team Select expenienced members
in the varnious facets of highway engi-
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neering and add experience 1n key areas
on a project-by-project basis and/or for
the different phases

3 Select the projects to be audited
The types and number of projects to
audit will depend on expenence with the
process and the avalability of human
resources

4 The team reviews all background
information to obtain a good under-
standing of the plans, scope, purpose,
history and constraints. Local residents
and knowledge outside the agency may
be solicited to help determine the needs
of all road users and stakeholders.

5. Conduct field reviews at specific
stages throughout project development
using detailed checklists Through interac-
vion and brainstorming, the team of
experts cite general safety concerns  Solu-
vons are not required The project man-
ager can provide background informauon,
especially in the early phases when plans
may not be available yet

6 Draft a clear, concise report con-
taining the safety issues that surfaced
from the audit Conduct a completion
meeung with the coordinator and the
project manager to resolve concerns, dis-
cuss details not included in the report
and idenufy remedial treatments

7 Resolve conflicts between those
responsible for the audit and project
development and incorporate the reme-
dial treatment 1nto the design Draft a
formal response to the audit report

8 Monitor the progress and ensure
that the remedsal treatments are incorpo-
rated 1nto the project

9 Repeat the procedure in the next
phase or as practical

PENNDOT’S PILOT

The framework of the pilot com-
prised of selecting team members, select-
ing projects, conducting audits,
documenting and communicating
results, and incorporating improve-
ments Because vanations in any of these
affect results, various approaches are
being used and details of experiences
{1 ¢, benefits, costs, results, effects, chal-
lenges and opportuniues) are conunually
evaluated to form recommendatons for
statewide implementauon Observatons

are being noted for the following
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* Team makeup,

* Employee ume,

* Project cost,

* Project delay;

* Documentation,

* Switable types of projects,

*Suitable phases of project

development,

* Control of projects,

* Conflict resolution, and

* Liability

Team makeup 1s an extremely impor-
tant considerauon In ensuring a success-
ful RSA audit A coordinator keeps the
process moving and allows 1t to be effec-
tive for a number of projects This
requires a person with knowledge, expe-
nence and enthusiasm The piot team
consisted of five members with strong
backgrounds 1n a combmnation of the
needed experuse of safety, traffic eng-
neering, risk management, accident
reconstruction, design, construction,
maintenance and programming disci-
plines of highway engineering Human-
factors experuse was not available within
the district, and the pilot did not seek an
expert However, the team included an
individual from Indiana University of
Pennsylvania who associates with local
schools and aging agencies Most of the
recommended expertise 1s available
within the staff, including accident
reconstruction, but police officers could
have been utilized if accident reconstruc-
tion experuse was not avatlable Pracucal
safety knowledge 1s a must Audits are
performed 1n addiuon to and indepen-
dent of the projects’ routine safety
reviews and determunauon of counter-
measures for existing crash clusters,
therefore, the team did not include the
safety engineer An understanding of the
Amerscan Association of State Highway
and Transportation Officials Roadside
Design Guude, posiuve guidance tech-
niques, access management, and how
and why crashes occur are valuable in
determining potenual problems Aware-
ness of technology and intelligent trans-
portauon systems capabiliies can assist
n incorporating needs of many road
users tn ways that may not be readily
apparent Knowledge of current stan-
dards assisted 1n idenufying what the
roadway features will look like Geomet-

nic-design specialization was valuable in
relaung the level of safety associated with
design features PennDOT also had the
opportunity to perform an audit with
representatives of the Federal Highway
Admunistranon (FHWA) who provided
valuable geometric-design expertise
Since recommended experuse did not
eust, several members were trained on
the needs of pedestnans and bicvclists

The team should understand the
RSA process and understand that all
concerns may not be accepted, which
will ensure that audits remain produc-
uve and concerns rematn reasonable and
prudent Using higher-level managers
helps maintain credibihity by adding
well-rounded knowledge to determine
what may and may not be feasible
Experuse grew with every audit

Employee time is monitored to
determine the feasibility of conducung
audits internally The value added by an
audit 1s directly proportional to the ume
and effort given 1n reviewing the plans
and the site The team only meets when
auduts are scheduled (approximately one
day per month) The project managers
need ume to prepare brefings, artend
field views, search for solutions to con-
cerns, redesign features, contact prop-
erty owners, resubmit for required
approvals, communicate with the coor-
dinator and seck necessary funding
increases (approximately three days per
month) The coordinator needs ume to
arrange meeungs and field reviews, ana-
lyze field notes, process reports, main-
tain communication with project
managers, rescarch possible solutions
and resolve conflicts (approximately five
days per month) Even though having
separate audit teams reduces the ume
the team members spend on the RSA, a
single team builds experience, improves
consistency and reduces the possibiliy
of missing similar opportunities to
enhance safety twice

Project costs usually increased Costs
assoctated with safety concerns normally
Were not an 1ssue In rejecting improve-
ments Costs resulung from early
reviews were more easily absorbed, and
costs resulting from later reviews usually
resulted 1n eliminanon of another 1tem
Occasionally, value engineering and
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constructability were discussed, and cost
savings suggestions resulted

Delay 1n project development 1s the
most sensitive issue 1n the RSA process
It 1s more sensiuve than costs because
money can be moved or items can be
eliminated to cover costs However, a loss
of ume can jeopardize commitments,
which adversely affects an agency’s creds-
bility Although delays occurred, projects
were not unreasonably delayed With let-
tng commitments, decisions to incorpo-
rate improvements that could greatly
delay the project were overndden Con-
cerns cited later 1n the project develop-
ment phases were more susceptible to
delay and usually resulted in incorporat-
ing improvements that caused the least
delay

Documentation can range from too
hiedle to too much An agency will need
to determine the opumum level that cap-
tures all concerns, conveys needed
improvements and communicates results

but does not increase rort exposure Doc-
umentng concerns through brainstorm-
ing and achieving consensus 1s not easy
1n a van during a field review Our team
chose to videotape the entre field review,
which was valuable in capturing all com-
ments and revisiung issues

The pilot varied the methods of
reporung results to the project manager
Having no formal report may reduce the
concern of tort liability, but 1t caused
confusion Citng specific recommenda-
uons was undesirable because 1t left the
project owner without flexibility and
created unnecessary tort hability if rec-
ommendations were not accepted, even
for very valid reasons The most wel-
comed method was a formal report
drafted by the audit team ciung only
concerns, not recommendations, fol-
lowed by a meeting with the coordinator
and project manager to resolve concerns,
discuss details not included and select
remedial treatments The report was
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umely so the short windows of opportu-
nity were not missed and informauon
was not forgotten

Time and care were taken 1n drafung
the audit reports and responses Team
members were concerned with their
comments creaung tort Liability, which
nutially sufled ideas during field reviews,
however, the concern was squelched by
demonstraung that the reports were
worded carefully to convey potenuial
needs while minimizing tort exposure

The project managers were reluctant
to draft responses unul all concerns
were resolved to avoid the need for fol-
low-ups Keeping umely documenta-
tion was difficult

Suitable types of projects for audits
were determuined by imually audiung 10
projects of various types and comparing
the results Not all were well swited for an
audit Capital improvement (new con-
struction) projects were excellent cands-
dates They resulted 1n the most
successful improvements because they
generally had more ume available in
which to redesign, had less constraints,
already involved nght-of-way acquisiions
and had the greatest level of funding
available to absorb cost increases Thisis a
rare opportunity to make extraordinary
improvements that may provide a safe
and efficient roadway for years to come

Betterment projects (rehabilitations)
also were good candidates because they
generally have a broader scope of work
that can incorporate improvements with
only minor changes They also have a
higher level of funding that can absorb
cost increases Bridge projects involving
a complete rehabilitation can benefit
from an RSA.

Surface improvement projects are
intended to improve nide quality and
generally have hirtle money available for
additional improvements Ironically,
these generally have the most needs
because motorists increase speeds with-
out having an upgrade in speed-sensitive
design features Unless the agency will
constder drastically increasing the scope
of work, surface improvement projects
are not good candidates for audits ‘

At least inually, select projects are
conducive to audits by having the capa-
biity and flexibility to change so the
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team is not destined for resistance. If the
team has early successes, it will probably
put forth more effort and vice versa.

Suitable phases of project develop-
ment for audits were determined by
auditing projects in various phases and
comparing results. Most concerns cited
in preliminary engineering were
addressed. Audits iniually performed in
later phases resulted in fewer improve-
ments. The defining line appears to be
the completion of the environmental
approval. After thus point, the amount of
effort needed and possibility of delaying
the project for major design changes 1s
greatly increased Concerns cited
beyond the mudpoint of final design
were scrutinized more closely, required
acceptance of beneficial cost improve-
ments and incorporated the most inex-
pensive method to alleviate the concern.
Pre-opening phase auduts are beneficial
in determining field changes that may
adversely affect safety (1e, drainage,
barriers and pavement markings)

Most agencies do not consider audit-
ing exssung roads without the benefit of
a programmed construction project It
can be fuule to expect that a roadway
built prior to 1960 would conform to
today’s safety standards wathout the ben-
efit of a rehabilitation project. However,
an audit can produce a list of locauons
that can be improved systemaucally. The
risk 1s that the list may be unmanageable
and become a potenual tort hiabilicy

Control of projects must be man-
tained by the agency or else cash flow,
approvals, scopes of work and commut-
ments will become unmanageable. Some
decisions based on exusting circumstances
may be prudent from the agency’s per-
spectuve but may be misunderstood and
create a loss of control if improperly
exposed outside of the agency Nonagency
representatives on the audit ceam were not
iniually needed because most of the exper-
tise was available internally; therefore, fur-
ther evaluanon was needed to determune if
nonagency members created a loss of con-
wol Obviously, audis did not congrol all
deasions, especially those that may have
jeopardized project completion Some
improvements were desirable but deemed
not worthy of greatly delaying or losing a
needed project.
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Conflict resolution in citing con-
cerns, reporting concerns and accepung
remedial improvements can be the dif-
ference 1n the success of the RSA
process. Conflicts arising during these
peniods are being monitored to deter-
mine how best to reach resolution The
pilot has a procedure that was set as a
deliberate attempt to avoud conflicts.
The team must reach consensus, and the
coordinator must avoid hidden agendas
so concerns cannot be labeled as self-
serving, the project manager and the
coordinator must mutually resolve the
conflict, the distnict’s program manage-
ment committee will make final deter-
minations relative to cost and delay, and
the team must accept final decisions

Liability 1s reduced by having a
process that purely addresses safety con-
cerns for all road users. However, 1denu-
fying concerns that may not get
adequately addressed, even for good rea-
sons, may be damaging 1n future torts
Even concerns cited that will be
addressed adequately in the upcoming
project could be used as ammunition in
torts ansing from recent crashes by pro-
viding proof that the agency recognized
that a problem existed. Tort exposure
can be minimized through responsible
documentauon

Although PennDOT 1s covered by
statute deeming safety studies as nondss-
coverable in courts, the pilot 1s ensuring
that concerns and recommendations are
not frivolous and are feasible

BENEFITS

A core value of the Malcolm Baldnge
Quality Assessment 1s “quality through
prevenuon ” The RSA process inherendy
incorporates this value into projects by
proactively searching for features that may
cause undesirable effects, inappropnate
use of standards and changes made dunng
value engineering and/or construction,
which can create potennal safety concerns
and costly changes in the future Other
benefits include.

* New safety concerns that would not
have been raised through routine
plan reviews,

* Maximized opportunities and muni-
mized missed opportuniues to

enhance safety,
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* Evaluauon of whether the mini-
mum standards were sufficient,

* Communicauon among the disci-
plines on the team and learning
from the collecuve knowledge of
team members,

* A higher comfort level of project
managers knowing their project 1s
being construcuvely scruunized to
help them construct a safe facility,
and

* Incorporatng safety improvements
into the design of simular projects
not undergoing a formal audit

IMPROVE ENTS

Improvements of all types resulted
from the RSA process They included
improving sight distance, addinion of
left-turn lanes, realignment of intersec-
tion approaches, the redesign of an
interchange, replacing a signalized 1nter-
section with an interchange; removal,
relocation and/or combining above-
ground uulies; implemenung access-
management techniques such as
relocating, removing and/or eliminating
driveways, providing a paved and pro-
tected area for inspection, weight and
speed enforcement; adding positive pro-
tecuon and delineauon for an adjacent
pedestrian/bicycle trail, and modifying
jughandles to accommodate trucks bet-
ter and to be uniform with others on
adjacent roadways

CosTs

Costs incurred by an audit, consider-
ing only salanes and equipment, ranged
from $2,000 to $5,000 Intangible costs
also exust 1n the form of potenual tort lia-
bility but are minimized through pru-
dent documentation. Delays and
changes were inevitable and generated
costs 1n the form of lost ume available for
other dunes and forang projects’ mule-
stones off track. One redesign created a
loss of credibility with property owners
when it also forced undesirable changes
in the acqusinon of nght of way

CHALLENGES

Challenges were encountered
throughout the pilot The team was suc-
cessful 1n incorporaung needed improve-
ments 1n approximately 50 percent of the
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attempts to umprove particular situa-
uons This 1s actually quite successful
considering that types and phases of pro-
jects were purposefully varied for evalua-
uon purposes

Busy and changing schedules of the
team members make organizing audits
challenging Team members changing
posiuons and leaving the team creates loss
of expertence and a new learning curve

Plans should exist early 1n project
development This makes detatled
reviews challenging because many
design decisions have not been made yer,
which requires the coordinator to keep
track of numerous options, possibilities
and directions

The audit must uulize the short win-
dow of opportunity when change 1s easy
Decisions to incorporate improvements
can be controversial and require many
meetings, discussions and changes
requiring tume and money On major
CONSTrUCtion projects requiring environ-
mental approvals, changes that forced
the design outside of the environmental
footprint were challenged because time
needed to re-evaluate the impacts could
delay or jeopardize the project

Metric plans caused difficulty and
frustration when comparing design stan-
dards to field condiions PennDOT 1s
relauvely new to metric and 1s proceed-
ing through a learning curve that may
have caused the team to unknowingly
muss 1ssues
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Every project has unique road users
and stakeholders, making 1t difficult to
gan input from all concerned Having
representation from local municipal offi-
cials, emergency services, transit agen-
cies, businesses and interest groups is
desirable but unmanageable

FUTURE PLANS

Future plans for PennDOT’s pilot
include using new methods to become
more familiar and proficient at deter-
muning how to best integrate safety into
roadway construction projects The pilot
also will consist of audits performed by
teams of experts outside of the district,
but within PennDOT, to determine if a
totally unfamiliar perspective would be
beneficial Police officers and other
nonagency representatives will be used
as resources to determine if operational
knowledge can be acquired without
problems with hidden agendas or
adversely affecung project development
and control FHWA’s Older Driver
Handbook will be incorporated 1nto the
checklists and nightume field reviews
will be considered Also, PennDOT will
strive to determine the most feasible
methods to obtain the needs of all road
users As for an audit being fun, you will
have to try 1t for yourself

SUMMARY
PennDOT has developed an awareness
and appreciauon for the RSA process as a

cost-effective tool within existun
resources that can maximize the safcri
potenual of roadway construction projects
through prudent use of the following:

* A series of safety analyses and field
Teviews to maximize Opportunities
to improve safety,

* Interdisciplinary experience to
brainstorm possible problems,

e Human factors and multimodal
considerations to ensure a safe road-
way for all road users,

* Checklists to surface safety
concerns, and

* Learning from the experiences—
both successes and nonsuccesses B

....................................................

TIMOTHY R.
PIEPLES,

PE, 15 the Distrct
Traffic Engineer for
Engineering District 16

of the Pennsylvania
Department of Trans-
portation in Indiana,
Pa, USA, and 1s one of two Road Safety Audst
Coordinators in PennDOT His expersence has

been mostly with traffic engineersng since recesv-

ing a BS 1n cavil engineering from the Pennsyl-
vania Stase Unsversity 1n 1980 Pieples 15 an
Associate of ITE

ITE JOURNAL / JANUARY 1999
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PennDOT’s ROAD TEST of the ROAD SAFETY AUDIT PROCESS
By Timothy R Pieples, P E

FORWARD

This report details the experiences of the Coordinator of the Road Safety Audit
Process Pilot in Engineering District 10 of the Pennsylvania Department of
Transportation (PennDOT), and may assist others to determine if and how the process
should be considered for use PennDOT began a pilot project in Apnl 1997, to
determine if and how the Road Safety Audit Process should be incorporated into the
development of roadway construction projects in Pennsylvania The goal of the pilot
was to determine the following
1) Does the Road Safety Audit Process add value?
2 ) Can the Road Safety Audit Process be implemented utilizing existing resources”?
3 ) Will the Road Safety Audit Process delay project delivery?

Two of PennDOT’s eleven Engineering Districts utilized research compiled by the
Pennsylvania Transportation Institute of the Pennsylvania State Unwversity, under
contract from PennDOT, to become familiar with the Road Safety Audit Process The
Districts separately adapted the process to suit the structure of their organization

Although new expenences are still being documented, PennDOT's Road Safety
Audit Process Pilot 1s complete The Pennsylvania Transportation Institute evaluated
the pilot project and prepared a report of the experiences from both districts An ending
meeting was conducted in December 1998, to discuss the incorporation of the Road
Safety Audit Process throughout all of PennDOT It was decided to provide all Project
Managers in every Engineering District with the Road Safety Audit Checklists and that
Road Safety Audit Teams will initially conduct a imited number of audits Each
Engineering District will structure the audit process to utilize the strengths of their
organization, given the limited available resources Consultant engineering firms may
be considered on a district-by-district basis after each District has had exposure to the
process and is able to determine the potential of Road Safety Audits

PennDOT's District 10 aggressively participated in the pilot project by performing
many audits throughout 1997 and 1998 Preplanning was performed to ensure that the
pilot would provide valuable information The framework of the audit process for the
pilot comprised of selecting team(s) members, selecting projects, conducting audits,
documenting and communicating results, and incorporating improvements Because
vaniations in any of these affect results, various approaches were used as the audits
were conducted Details of expenences, I.e , results, effects, benefits, costs, and
challenges/opportunities are continually being observed and used to form
recommendations for statewide implementation The costs incurred, benefits gained,
opportunities afforded, and noteworthy observations made during the audits were
continually evaluated and closely monitored with special focus on the following issues

e Team make-up
Employee time
Project cost
Project delay
Documentation
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Suitable types of projects

Suitable phases of project development
Control of projects

Conflict resolution

Liability

Recommendations have also been developed using the experiences of the year and
one half long Pilot Project Soon after implementation, it became obvious that Road
Safety Audits added value in the form of real safety benefits to road users This detailed
evaluation was completed to help determine how to effectively adapt the process

KEY ELE ENTS

It may be very easy for an agency to initially assume that they have no need for a
Road Safety Audit Process or that they already are performing this process To fully
appreciate the value and uniqueness of the Road Safety Audit Process, one must
understand its key elements as it has been utilized in other countries, such as Australia,
New Zealand, and Canada

» The needs of all road users, not just automobiles, are considered in the Road Safety
Audit Process Emphasis Is given to pedestnans, bicyclists, large trucks, buses,
emergency vehicles, and railroads

» The Road Safety Audit Process has access to the design continually through project
development The ideal Road Safety Audit consists of five separate and formal reviews
one review during the feasibility, preliminary design, final design, pre-opening
(construction), and in-service phases This allows safety to be a more integral part of
the design of the transportation facility

» Field views focused purely on safety issues are conducted as part of the formal
reviews A team of experts brainstorm safety concerns and recommendations during the
field view Solutions are not required

» The Road Safety Audit Team attempts to anticipate crashes This Is a proactive
approach In fact, crash history 1s not normally used An agency additionally needs to
ensure that crash history and the other needed elements are integrated, with the Road
Safety Audit remaining a separate process

» The Road Safety Audit Team generates a formal report after each audit, the Project
Manager formally responds by stating actions taken or why actions were not taken

There 1s no ideal adaptation of the Road Safety Audit Process It 1Is recommended
that after the process i1s well understood, the agency shouild then determine how to best
implement the process utilizing the strengths of their organization
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PROCEDURE

The Road Safety Audit Process is not a radical change in project development,
however, it i1s a change Since change i1s not always well accepted, the audits were not
forced into project development where they could potentially create chaos by
demanding actions that could disrupt project development Instead, citing of potential
problems were made in such a manner so as to test its imits Ground rules were
developed to allow unbiased information to be gained so the Pilot would provide a true
representation of what can be expected if the process is implemented and allow for
better recommendations of how it should be adapted The ground rules were as follows
1) The Team must reach consensus on citing concerns,
2 ) The Coordinator must avoid hidden agendas, and
3 ) The Team must accept the decisions of the Project Manager

PennDOT’s pilot inthally adapted a procedure that followed closely with that of
Australia The generally accepted procedure 1s as follows
Program Development...
v Achieve management commitment, or “buy-in”. This commitment 1s extremely
important and can allow the process to succeed by providing opportunities when time
and money may be jeopardized There must be willingness to redesign, investigate new
ideas, move outside the scope of work, and most importantly, to adjust the agency’s
overall program to find funds

v’ Carefully select audit team(s). Experienced team members in the various facets of
highway engineering 1s the most important key element of the Road Safety Audit
Additional members with experience in key areas should be added as needed on a
project by project basis Additional key members may even assist at different phases In
project development, e g , a geometric design expert in the preliminary design phase or
a work zone traffic control expert in the pre-opening phase

v Select the projects to be audited. The Road Safety Audit Process may not be
suitable for all types of projects and the number of projects to audit will depend on the
availability of human resources Expernience with the process will help with this
determination

Beginning the Audits...
v Review all of the available background information. The Team should obtain a
good understanding of the project’s plans, scope, purpose, history and constraints

v Conduct field reviews at specific stages throughout project development
using detailed checklists. The detailed checklists are reviewed and completed to
stimulate thought and ensure that all safety concerns are considered The Team must
reach consensus of items that will be identified so recommendations creating conflict
can be identified as an audit need, and not self-serving Everything that the experts
know, have learned, or can deduce I1s used to brainstorm safety concerns Practical
application of policies, standards, stakeholder needs, and most important, expernence,
dnves the audits
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v Draft a formal report of findings. A formal report that Is clear, concise, and
contains the safety concerns and recommendations that surfaced from the audit should
be drafted in a timely manner

v' Conduct a completion meeting. A meeting with the Coordinator and the project
manager is held to resolve concerns, discuss details not included in the report, and
discuss remedial treatments

v Resolve conflicts between those responsible for the design and the audit.
Conflicting views of potential problems and/or needed countermeasures may arise and
need resolved This is when management commitment and a good understanding of the
Road Safety Audit Process will assist

v Incorporate solutions into the design. All of the previous are instrumental in
allowing the most important step of incorporating solutions into design to occur Since
the Road Safety Audit Team reviews a project up to five times during project
development, the Team can continually monitor progress and, not only ensure
incorporation into the project, but also allow for integration of successful improvements
Into similar projects under design

v' The entire procedure can be repeated when the project enters into the next
phase of project development. Experience with the process will help determine the
number of audits to perform throughout a project’'s development Not all projects need
an audit in all five stages Factors will include the type of project, when the initial audit
was conducted, the level of detail reviewed previously, the time lapse from the previous
audit, the level of team-expertise previously utilized, and the value added by the
previous audit A continual review process will monitor previous issues and any
changes made since the previous audit

Various approaches in all aspects of the framework [i e , team(s) members, selecting
projects, conducting audits, documenting and communicating results, and incorporating
improvements] of the pilot process were tried to determine cause and effects The
process was continually modified as the various approaches were evaluated

SAFETY REVIEW vs. SAFETY AUDIT

Any United States agency using federal monies must perform a safety review of the
project at the end of the preliminary engineering phase and final design phase of project
development These are not Road Safety Audits Both have their unique purpose and
therr differences are helpful in understanding the potential value of the Road Safety
Audit Process The following identifies the differences in the generally accepted
Safety Review Process and the Safety Audit Process

Safety Review utiizes a small team with design expertise
v’ Safety Audit utiizes a larger team with interdisciplinary expertise

Safety Review Teams are usually involved in the design or a similar design
v Safety Audit Teams are totally removed and totally unbiased
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Safety Review Teams normally do not perform a field review
v Safety Audit Teams will perform 1 to 5 field reviews on a single project Many
concerns can only be discerned during a field review

Safety Review Teams review plans to ensure that all design features are in complance

with Standards

v Safety Audit Teams utilize a comprehensive Checklist that covers many design
features not normally considered during the design of most projects

Safety Reviews normally do not consider Human Factors Most crashes occur because

of driver error

v Safety Audit focuses on drivers’ reaction to certain highway features, including
improvements, and discerns problems and concerns not normally considered

Safety Review Teams normally do not consider the needs of other modes of

transportation

v Safety Audit Teams consider multi-modal safety concerns, including that of
pedestrians, bicycles, large trucks, motorcycles, railroads, buses, etc

Safety Reviews normally ensure that crash clusters and remedial improvements are

considered This Is a reactive approach to existing concerns

v Safety Audits normally do not consider crash history, but anticipate crashes This is
a proactive approach to incorporating safety into roadway projects

Incorporating the Road Safety Audit Process into the Safety Review Process 1s an
Issue that was often suggested so not to add additional steps into project development
Roadblocks to this can include the following
* Timing - Early input 1s vital, continual input is desirable Normally, Safety Reviews
are not conducted until near the end of the preliminary design phase and again at the
end of the final design phase of project development This may not be early enough in
project development and may restrict incorporation of some improvements
* Time consuming reviews - Safety Reviews are conducted on almost all projects
Auditing all projects may not be feasible considering existing human resources
Downsizing the audit procedure may be needed without adversely affecting the
effectiveness of the Road Safety Audit’s key elements
= Acquiring multi-modal input - Safety Reviews do not normally consider multi-
modal needs
s Resisting project development constraints - This may be challenging since time
and money concerns are always major issues
* Incorporating additional safety enhancements — Normally, Safety Reviews
evaluate existing features for compliance with standards and do not consider new or
different approaches, which could be difficult to incorporate due to time and money
constraints Also, they do not normally include field views, which provide valuable input
toward attempts to maximize opportunities to enhance safety and minimize missed
opportunities to enhance safety
= Considering human factors - This Is challenging due to a lack of past emphasis
and expertise, but may be able to be somewhat addressed through the use of
checklists
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DISTRICT PROFILE

Located in western Pennsylvania, Engineering District 10 1s comprised of five
counties Armstrong, Butler, Clarnon, Indiana, and Jefferson The District covers an area
of 3,569 square miles with a population of approximately 400,000 There are 3,201 road
miles under the District’s junisdiction of which 283 are on the National Highway System
Most of the road miles are rural in nature The Engineering District Office has 243
employees and has over 250 projects under design

ROAD SAFETY AUDIT PILOT PROCEDURE
The following will provide a summary of the procedure that District 10 used in the
Road Safety Audit Pilot

Selection of Teams
A single Safety Audit Team of fve members was used The Team members
consisted of the following representatives
Traffic Engineer
Construction Services Engineer
Design Project Manager
Maintenance Program Engineer
Risk Management Engineer
Comprehensive Safety Coordinator (Human Factor focus)

L JEE R JER IR R 4

All of the members were PennDOT District 10 employees, except for the
Comprehensive Safety Coordinator, who i1s employed by the Indiana University of
Pennsylvania and 1s available to assist the Department in a community relation and
educational capacity The District's Pilot utiized a Road Safety Audit Coordinator to
direct the audits and document results The District Traffic Engineer was selected as
Coordinator and to provide expertise In signs, signals, markings, and safety The
Construction Services Engineer had expertise in design, traffic engineering, and
construction He i1s also a member of the District's Administrative Staff and the Program
Management Committee The Design Project Manager provided expertise in highway
design standards, accident reconstruction, and traffic engineering The Maintenance
Program Engineer has experience in maintenance and traffic engineering The Risk
Management Engineer provided expertise in tort liability, traffic engineering, and
environmental impact requirements The Comprehensive Safety Coordinator was
chosen to provide expertise in the areas of human factors and highway safety
education A preliminary meeting was held to famihanze team members with the Road
Safety Audit Process

The same team was used to review all of the projects in the Pilot Other employees
having key expertise were utilized penodically as additional resource people
(e g, bicycle/pedestrian needs in the feasibility and preliminary design phases and work
zone traffic control specialization in the pre-opening phase )



Road Safety Audit Seminar References, Page 39

Selection of Projects
The projects that were part of the Pilot were selected by the Road Safety Audit

Coordinator and the Assistant District Engineer for Design The primary consideration in
the selection of the projects was to have a variety of project types currently in various
phases of project development This was done so that the effect of the audit process
could be evaluated for several different types of projects Eleven projects were chosen
This group of projects ensured that at least one project would match up with each of the
different audit stages

The eleven projects selected were as follows

o US 422, Armstrong County (Kittanning Bypass) — preliminary engineenng phase of
a Capital Project covering five miles of new construction of a four lane concrete
roadway

o US 119, Indiana County — preliminary engineering phase of a Capital Project
covering 10 miles of a two lane roadway being reconstructed into four/five lanes with a
median barrier, left turn lanes, and jughandles

a US 119, Jefferson County (Jenk’s Intersection) — preliminary engineering phase of
a SAMI (Safety and Mobility Initiative) project covering the reconstruction of an
intersection to provide a left turn lane and improve intersection geometry

o PA 66, Amstrong County (Forks Church 3R) - final design of a Betterment Project
covering the redesign of six miles of rural two lane roadway with narrow shoulders and
poor alignment

a US 119, Jefferson County (Punxy South Climbing Lane) — feasibility stage of a
Capital Project covering three miles of two lane reconstruction to provide a southbound
truck climbing lane

a PA 56, Armstrong County (South Bend Bridge) — preliminary design of a 200 foot
long Bridge Replacement Project that included reconstruction and improvement of the
roadway's hornzontal and vertical alignment

o US 119, Indiana County (Marchand 3R) ~ final design of a Betterment Project
covering three miles of rural two lane with poor horizontal and vertical aignment

o State Route 4023, Armstrong County (Tarrtown Road) — preliminary design of a
Capital Project covering three miles of rural road with poor alignment and cross section,
heavily traveled by large trucks

o US 119, Indiana County (Little Mahoning 3R) — pre-opening phase of a Betterment
Project covering three miles of rural road with project tasks including the realignment of
several curves

o Butler County Surface Improvement Project — final design phase of a project that
consists only of resurfacing various roadways throughout Butler County

a US 22, Indiana/Cambria Counties (Gas Center) — preliminary engineering of a
Capital Project covering eight miles of new four lane construction, mostly on existing
alignment, including several jughandles
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Overview of Audit Procedure

A full day work session was scheduled to complete each project audit The Road
Safety Audit Coordinator began by giving a brief refreshing on the Road Safety Audit
Process The Project Manager then provided information on the proposed scope of
work and background issues of the project If a consultant was used for the design, this
briefing was given with a representative(s) from the consultant's design team present
After the briefing, the Road Safety Audit Team reviewed the project plans and briefly
discussed possible safety and multi-modal concerns with and without the Project
Manager present The Team field viewed the site The field views were videotaped
throughout the entire review to capture the audio of the Team'’s discussions and the
video of the roadway'’s features The Team then returned to the office to discuss the
issues identified The outcome of these discussions was used for the development of a
preliminary set of concerns and recommendations from the Team After the meeting,
the Coordinator met with the Project Manager to determine if the recommendations
were feasible, given the project’s current status, and determine what countermeasures
may alleviate the cited concerns The Coordinator developed a short (one or two page)
letter to the Assistant District Engineer for Design outlining the recommendations and
concerns from the audit The completed checklists were included Continual discussions
with the Coordinator and Project Manager took place until a remedial treatment was
incorporated into the project or an alternative means to mitigate the concern was agreed
upon The Project Manager was asked to respond to the Coordinator’s letter The
Coordinator monitored the project to determine if and when the next audit should take
place Due to the limited timeframe of the pilot process and the need to try various
methods of conducting the audits, little emphasis was placed on re-auditing any one
project Focus was on conducting many audits using many different methods

Conduct of Field Views

The field views were conducted by having the Audit Team travel to the project site in
avan The Team drove the project limits in both directions The Team also drove
beyond the project boundaries to note features along adjacent sections and/or routes
Each run was videotaped to provide a visual record and to record spoken comments
from members of the Team No effort was made to reach consensus on issues noted
duning the field view As Issues were raised, they were noted and discussed in detall
upon return to the office The field view was used as a brainstorming session The
videotape was often used to revisit issues during the deliberation session at the office

Development and Communication of Recommendations
The Team developed a preliminary set of recommendations based on their plan and

field reviews Once these preliminary recommendations were developed, the
Coordinator investigated the feasibility of correcting the concerns relative to the project’s
status The Coordinator developed a final set of recommendations regarding the project
These final recommendations were sent in the form of an interoffice letter to the
Assistant District Engineer for Design with a copy provided to the members of the

Team The Project Manager was asked to respond to the letter with intended actions

As experience with the process progressed, only concerns were cited with no firm
recommendations A meeting was held after the audit with the Coordinator and the
Project Manager to discuss the cited concerns and possible improvements
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BENEFITS

District 10 formed a quick appreciation that the Road Safety Audit Process adds
value In the form of safety benefits to road users The following 1s a compilation of the
benefits realized throughout the Road Safety Audit Pilot
a It helped to ensure that changes to the roadway by the designs will not compromise
safety through the scrutiny of the roadways’ crash potential and the projects’ scope

o Checklists with a variety of safety items for review help to maintain a safety focus

o The audits forced Project Managers to react to safety concerns early in project
development before non-safety related constraints, such as time and money, were in
control of the project

o The audits provided input with concerns of road users not normally considered in the
design of most projects These concerns became part of the scope of work, and not an
afterthought when it may be too late to provide a remedial iImprovement

o Approximately 50% of the cited concerns resulted in improvements beyond the
existing scope of work Although no improvement has yet been constructed and
expenenced traffic to determine if the improvements were beneficial, most were based
on sound engineering principles and previous successes, so they should assuredly
provide a higher level of safety

o Inherently incorporates “Quality through Prevention” which is a core value of the
Malcolm Baldrige Qualty Assessment by ensuring that quality 1s maintained by
preventing some common occurrences 1 ) Undesirable effects of motorists which can
create potential safety concerns and costly changes in the future 2 ) Certain standards
or combination of standards may be inapproprnate or unnecessary and can create
potential safety concerns or detract from a more viable improvement, and 3 ) Changes
to design features made during value engineering reviews and/or construction may
create safety concerns A timely audit can ensure these occurrences are not unwary,
unnoticed, or unchallenged. For example, drainage features are often compromised
due to the high costs that can be saved Drainage is one of the most important safety
items in a construction project and it can also be the most expensive to correct after the
fact A timely Road Safety Audit can help minimize these occurrences An improvement
may cost a lot, but it will cost much more if you must retrofit later It may be an inferior
product, also

a Opportunities to enhance safety were maximized and missed opportunities to
enhance safety were minimized by attempting to take advantage of the project to make
needed safety improvements Additionally, several occurrences of missed opportunities
to enhance safety on recently constructed projects would been raised had those
projects been audited

o Experienced gained on a project, even through a “non-success”, was translated to
other projects Successful incorporation of improvements into projects prompted the
Coordinator to then look for, and separately integrate, these similarly into the
development of other projects not having a formal audit

9
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a Interdisciplinary input was valuable in citing safety concerns outside those normally
cited by the present Safety Review Process Representatives without a strong safety
background raised many concerns Through brainstorming and achieving consensus
among a team of multi-disciplinary experts on many safety-related concerns, the Pilot
Team Members also gained individual knowledge of the other disciplines Information
gained at every audit could be applied to other audits and day- to-day duties The Pilot
Team also had the opportunity to perform an audit with representatives of the Federal
Highway Administration who provided valuable geometric design expertise that was
obtained through experience with other State Agencies

o Discerned concerns through site reviews and observing the roadway’s operation
Field views occur throughout normal project development, but none focus purely on
safety for all road users and allow for citing of concerns without regard of how the
concerns will be corrected

o Experienced Team members during field reviews found ways to build things
cheaper It was not uncommon for “value engineering” and “constructability” to be
discussed during the field views with cost saving suggestions resulting

a The process forced communication to occur throughout the disciplines and better
informed the various work units of actions and intentions

a Having access to the design throughout the development of a project better-enabled
safety concerns to be cited by having a better understanding of the project and, simply,
having more chances to scrutinize design features

o Having access to the design throughout the development of a project better ensured
that safety concerns did not get lost, removed, or changed throughout the project
development

o The process helped ensure the safest design for all road users Often, standards
only provide the minimum treatment required This i1s often not enough, especially when
considering a facility that should be safe and compatible for trucks, emergency vehicles,
and bicycles

o Consistency was created in many areas because the formal report was circulated
throughout the agency and educated others responsible for similar designs It also
created consistency by ensuring appropriate standards are being used and by
considering adjacent networks For example, the design of jughandles was modified
due to the crash experience noted in another PennDOT District

o Most Project Managers expenenced a higher level of comfort through knowing that
their project(s) have been scrutinized by others They were more assured that their
design will produce the highest quality project possible and will serve all road users The
Road Safety Audit Team was also called upon for review of specific features with which
a project manager was struggling This served to assist the project manager and to
encourage and build confidence in the Audit Team However, care was taken not to use
the process “as a crutch ”

10
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TYPICALI PROVE ENTS

A variety of improvement types resulted from the audits Intersection improvements
were the most drastic changes to the scope of work. These included basic
improvements, such as a removal of earth banks to improve the available corner sight
distance and an addition of left turn lanes to reduce the number of stopped vehicles on
the roadway These also included more complicated improvements, such as a
realignment of the approaches to improve the vehicular movement conflicts and a
redesign of an interchange to eliminate left turn movements and create dnver-frnendly
and safer right turn movements. Major effort was given toward consideration of
replacing an at-grade, signalized intersection with an interchange The improvement
ultimately was not incorporated into the construction project because of environmental
and money constraints, however, the District 1s considering a separate future project

The presence of fixed objects 1s a very common concern that arose from the audits
Focus was often on removing, relocating, and/or combining above ground utilities that
posed as potential fixed object hazards, particularly where there may be an undesirable
increase In vehicular speeds This potential is best determined through field reviews
focused purely on safety

Access Management improvements, such as relocating, removing, and/or
eliminating driveways were successfully incorporated into the design of projects Since
these improvements tend to be unfavorable for the affected property owners, these
types of improvements were successfully incorporated when addressed early, but not
without a considerabie amount of effort from the Project Managers

Two projects successfully incorporated a paved and protected area to the side of the
roadway that will be utihzed for weight, inspection, and speed enforcement to control
adverse driver behaviors

Jughandles were modified to include highway hghting, to be more uniform with
others on adjacent roadways, and to better accommodate trucks Also, the Road Safety
Audit Team made the District consider the use of a wider median instead of median
barner through a location so as to not utiize jughandles or restrict pedestrian travel

Other identified concerns/opportunities that resulted in design change considerations

included

o Inteligent transportation system potential in adverse weather issues
Capacity concerns created by trucks on long, steep, single lane downgrades
Driveway sight distance concerns for anticipated increase in speeds
Substandard acceleration/deceleration lanes just outside project imits
Pedestrians inability to cross a roadway when median barner is to be placed
Headlight glare concerns created on mainline by new frontage roads

o000

11
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COSTS

It 1s estimated that the average cost of an Audit in the pilot process was $2,000 to
$5,000 This cost includes only salary and equipment costs from the Team using only
Department employees (Naturally, added improvements have added costs to the
project development, however, this i1s not considered as a cost of the audit ) This I1s very
Iittle for the amount of success achieved Most of the time and efforts were placed on a
select few projects Not all projects necessitated the same level of effort to conduct the
audit Given rough estimates that were made and based on a simple $50/hour analysis,
conducting an audit added between $2,000 and $3,000 per review, per project in salary
and equipment, when conducted internally These costs are comparable with estimates
produced In the United Kingdom, Canada, and Australia Audits conducted by an
external Team, such as a consultant or another agency, were not used However,
projects utiizing consultant-engineering designs created a slightly higher audit cost of
$4,000 to $5,000

The Pilot also had “intangible costs” that cannot have a price tag placed on them
They were not insurmountable and were minimized through awareness They include
the following
* Any concern that was cited may raise an issue in a lawsuit that may not have been
raised if it had not been cited by the agency, itself

» Concerns that are not addressed may be considered a tort liability if it gets to the
attention of a party in a future lawsuit

= Delays and changes were inevitable and generated costs in the form of lost time
available for other duties One redesign created a loss of credibility with property
owners when it also forced undesirable, additional nght-of-way acquisitions Property
owners were told that their property would not be affected by the project and the audit
created a change in the design and a need to acquire some of their property This
created distrust Property owners do not appreciate nor understand that changes in
design occur, let alone ones that affect them personally Credibility 1s very important to
an agency

* Redesigns caused the timing of the projects’ milestones to become off-track No
different than any other change, the audits created many unplanned changes
However, after the pilot began, many Project Managers began to anticipate the
possibility of changes The key is to start early to minimize conflicts associated with
letting dates, completion dates, and commitments

12
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CHALLENGES and OPPORTUNITIES

Because the Road Safety Audit Process Is a new concept to PennDOT and to most
of the United States, and because the process involves time, money, work, and change,
problems were expected and problems occurred Problems occurred in several of the
methods used when varying the framework of the pilot Problems also occurred in the
form of failed attempts, or “non-successes”, to incorporate needed improvements
However, the pilot was structured to accept the problems and/or failures, learn from
them, and use them as opportunities to improve the process and other projects Some
may reason that since not all of the cited concerns were accepted, senior management
will not allow the process to control the delivery of roadway construction projects but will
only allow it to work when convenient This was not true However, even If it were, so
what! Many improvements resulted at a smali cost along with opportunities to apply the
expernences of the non-successes on other similar project where existing conditions
may permit incorporation This i1s not failure, but an opportunity to improve the overall
roadway system Well acclaimed scientist, Louis Pasteur is quoted as saying “/ learn
more from my failures than from my successes ” This quote I1s most appropriate when
concerns that were raised did not result in incorporating improvements The pilot
accepted these non-successes and analyzed them to help provide information in
determining how to best adapt the process

The chalienges and opportunities include the following
o Numerous concerns were challenged because the audit was conducted late in
project development after many decisions were made and the project advanced

a The Road Safety Audit Process requires a considerable amount of the Coordinator's
time Since the Coordinator’'s time and benefits gained were found to be directly
proportional, maintaining aggressiveness was difficult

a High level managers participating on the team created successful audits, however,
their busy schedules constantly changed, often by others and beyond their control
Organizing and postponing field reviews created frustration

o Team members changing positions was also experienced This required a new
learning curve for the replacement member and caused a loss of experience for the
Team

o Usually no plans existed early in project development when it was best to begin an
audit This made a detailed review more difficult because some features and design
decisions were not yet made and there was no foundation on which to begin This also
required the Coordinator to track numerous options, possibilities, and directions

o It was found that there is a very short window of opportunity when change was,
somewhat, easy When the initial review was during a later phase, difficulties with
design changes occurred and selling was difficuit Because of many futile experiences,
the Pilot eiminated reviews during later phases when there had been no initial review
early in the project development phase
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o Recommended changes that forced the scope of the design outside of the
environmental footprint were challenged (and not incorporated) because time needed to
reevaluate environmental impacts may have delayed or even jeopardized the project

o The Safety Audit Team received some of the same pressures from the constraints
often experienced in normal project development, such as money and time

a Decisions to incorporate improvements were, at times, controversial and required
many meetings, discussions, and changes This required time and cost money,
especially when consultant design was utilized

a The Coordinator spent a lot of time determining the best way to state concerns due
to fear of tort hability The Project Managers had even a more difficult time trying to draft
responses to the formal reports It was difficult to determine when the completed formal
response should be drafted This 1s due to the dynamic process that does not occur
synchronously for the various concerns Some are resolved quickly, and some slowly
There 1s no convenient time to respond and be assured that addenda will not be needed
and tort hability will not be created Several issues were not accepted due to
environmental 1Issues but were later resolved after the response was drafted

o Unnecessary work occurred through a lack of timely communication A project had
a major down scoping occur for fiscal reasons Because the Coordinator was unaware
of this change, an unnecessary and futile field review occurred In another project, the
Coordinator also performed research unnecessarily to sell a concern when the change
was already accepted

o Metnic plans created frustration (Pennsylvania is relatively new to metrication and is
proceeding through a major learning curve ) Although most Designers and Project
Managers are familiar with metric designs, many other disciplines are not, causing
frustration and making 1t difficult and cumbersome to compare design standards to field
conditions Also, issues may have been inadvertently overlooked due to unfamiharity
The Team was made up of “old dogs” that are trying to learn “new tricks "

a Every project had unique road users and stakeholders It was difficult to gain input
from all concerned Having a representative from all local municipal officials, emergency
services, transit agencies, businesses, and interest groups on the Road Safety Audit
Team Is desirable but was unmanageable (PennDOT occasionally utiizes Community
Advisory Committees to gather concerns in selected projects, however, the enormous
amount of time required for this made it impractical for all Road Safety Audits

Therefore, the Team acted in the interest of all road users through using their
experience and discussing iIssues with appropriate non-agency members )

o Too many people involved in an audit made reaching consensus challenging and, at
times, stifled issues because consensus could not be reached

o The Pilot was successful in only approximately 50% of attempts to improve particutar
situations Mostly because late changes can be difficult to incorporate and still remain
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on time and budget and, for evaluation purposes, the types and phases of projects that
were audited were varied which disadvantaged many attempts from the start

a Maintaining “Buy-In” throughout the Pilot was often challenging Many issues
scrutinized by the team were closely reviewed previously through the normal project
development This was occasionally looked upon as potentially destructive by
considering going backwards in project development This was minimized by imiting
dialogue with those involved with the design to only necessary communication Also,
because many issues raised by the audits were also raised through the normal
development, lengthy audits rose questions as to the “value added” by the audit
process This can be minimized through experience with the audit process by selecting
projects and project phases more conducive to the audit process having less repetition
of that in the agency'’s routine project development In addition, many representatives
throughout the Design Section of the Engineering District Office were reluctant to accept
another procedure within the busy and structured project development However, those
involved with the audits appreciate the benefit potential of a review focused purely on
safety with a relatively iimited investment of time. Gaining buy-in from the other
Engineenng Districts was extremely challenging Sufficient bnefings throughout the
pilot, prior to discussing statewide implementation among district counterparts, was not
performed which resulted in most being reluctant to accept the Road Safety Audit
Process upon the first discussion due to the common fears of too much work, etc

WHAT IS BUY-IN?

The Road Safety Audit Process is not a radical change in project development,
however, it 1s a change Since change is not always well accepted, it was very helpful
that all involved understood and accepted the Road Safety Audit Process as a tool for
enhancing the safety potential of the construction project The Pilot discovered that
audits could be conducted more smoothly through a commitment to safety when the
following i1ssues are understood by and remain acceptable to Senior Management
< Willing to commit human resources necessary to conduct audits
< Willing to commit human resources necessary to redesign portions of the project
Willing to commit funds necessary to incorporate improvements
Willing to adjust programs to find funds necessary to incorporate improvements
Willing to investigate new ideas
Willing to move outside the scope of work
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The Pilot discovered that audits could be conducted more smoothly iIf the following
Issues are understood by and remain acceptable to the Road Safety Audit Team
< Some time must be devoted
% Audits are not the ultimate authority, and are used as a tool to identify safety needs*
The District has multiple needs
Wheels may spin
Not all concerns can be feasibly corrected

Gaining consensus helps support cause
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* The Distnct chose to use the audit process as a tool, not ultimate authority Some
Project Managers expressed interest in ultimate authonty to support issues that were
deferred to money and time, however, this may have jeopardized Management buy-in
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OBSERVATIONS

The Road Safety Audit Pilot continually evaluated ten previously mentioned factors
as various methods were used In the trial-and-error procedures so that successes and
non-successes would help in determining the optimum adaptation The following
highlight the noteworthy observations

TEAM MAKE-UP: The make up of the Road Safety Audit Team was an extremely
important consideration in ensuring a successful audit The Pilot selected District
representatives having backgrounds that were identified in the prior research as the
disciplines most needed for Road Safety Audits The pilot team consisted of five
members with strong backgrounds in safety, traffic engineering, risk management,
accident reconstruction, design, construction, maintenance, and programming
disciplines of highway engineering All members had a variety of the needed expertise
Human factors expertise was not available within the District and the Piiot did not seek
an expert However, the Team included an individual from Indiana University of
Pennsylvania who associates daily with the local schools and aging agencies Police
officers could have been utiized if accident reconstruction expertise was not available
However, the need for this expertise was not felt to be as instrumental as were the
others Their knowledge of the operational concerns of the roadway Is very useful and
having them as a resource person was helpful Since the Road Safety Audit Process is
to be independent of the routine safety reviews, the Pilot Team did not include the
Safety Engineer Successful audits were conducted without this expertise Additionally,
it 1s very beneficial that Road Safety Audits are conducted as an added level of safety
that focus on less obvious and traditional design features

Naturally, knowledge of safety 1s a must Understanding the AASHTO Roadside
Design Guide, positive guidance techniques, and how and why crashes occur were very
valuable skills in determining potential problems Knowledge of current standards
assisted in quickly identifying to the team what the roadway features will look like
Geometric design expertise helped In relating the relative safety associated with the
various design features

The entire Team must thoroughly understand the Road Safety Audit Process and
accept the bad with the good Not all concerns may be accepted Understanding the
process is necessary so the field reviews will remain productive and concerns raised
remain reasonable and prudent Having at least one high level manager assisted in
maintaining credibility by adding well-rounded knowledge of the agency and, therefore,
helped determine what may be feasible and what may not

The Road Safety Audit Process needs a person that fully understands and
embraces the process to be the Coordinator When the Coordinator 1s inactive, so s the
Team, and so are opportunities for improving safety An aggressive Coordinator can
greatly help in monitoring recommendations, auditing more projects, and staying in
constant contact with Project Managers

Separate Road Safety Audit Teams reduces the amount of time of the team
members and allows specific expertise to be utilized for appropriate projects
Maintaining the same team throughout the process builds expertise, provides
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consistency from project to project, reduces the possibility of making the same mistake
twice, and reduces the possibility of missing the same opportunity to enhance safety
twice

The Pilot Team occasionally had additional members attend plan and field reviews
to provide specific expertise A large group made reaching consensus and maintaining
focus very challenging

Non-agency members may also provide valuable information, however, there 1s a
nsk of losing control of the project by potentially allowing unfavorable information
outside of the agency It may be better to search for the needed information offered by
others through other formats An agency may not have all of the recommended
expertise, therefore, training may be necessary Training in the needs of pedestrnian and
bicyclists was provided to several members

As team members change, so will the training needs In time, expertise will build
The Team also must buy-in to the Road Safety Audit Process by understanding the
process and their role

EMPLOYEE TIME: The Team met when reviews were scheduled This was
approximately one day per month The Project Managers that had a project subjected to
a Road Safety Audit needed time for preparing briefings, attending field views,
searching for solutions to concerns, redesigning features, contacting property owners,
resubmitting for required approvals, communicating with the Coordinator, and seeking
necessary funding increases This was approximately three days per month The
Coordinator needed time for arranging meetings and field reviews, analyzing field notes,
processing reports, communicating with designers, and researching possible solutions
to concerns This consumed approximately five days per month for ten separate audits

Time and effort are directly proportional to the value added and quality of an audit
That 1s, the more time and attention to details given to the plan and field reviews, the
greater the number of safety concerns that are identified, and vice versa If the Team
had early successes which gave the team confidence and enthusiasm If the Team was
given projects that were destined for failure, 1 e , too late in the project development or
already over budget, or if their concerns were not taken seriously, it 1s felt that future
audits might have been less thorough

A single audit required from one day to two weeks to complete and varied on the
complexity of the project, thoroughness of the Audit Team’s understanding of the
project, and level of detail in reporting concerns Most audits were performed In two
days, however, the Coordinator had to acquire additional information to help with final
determinations that prolonged the audit process in two audits

COSTS: Most of the improvements incorporated into projects resulting from Road
Safety Audit Reviews involved extra work and resulted in additional costs Additional
costs were never an issue in rejecting an improvement The costs associated with
safety concerns were generally accepted Cost was a reason for not incorporating an
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improvement only when the recommendations cited were well beyond the scope of the
project (DELAY seems to be more of a constraint )

Initial audits are more time consuming and, therefore, slightly more costly due to the
time needed to become familiar with the project Subsequent audits were somewhat
lower In cost to conduct The cost of audits were somewhat higher when initial reviews
were made during a later phase due to the amount of time needed to gain support for a
change at the later date

Not all projects necessitated the same level of effort to conduct the audit Given
rough estimates that were made and based on a simple $50/hour analysis, an audit
adds between $2,000 and $3,000 per review per project in salary and equipment These
costs are comparable with estimates produced in the United Kingdom, Canada, and
Australia Audits conducted by an external Team, such as a consultant or another
agency, were not used

DELAY: The Pilot was well accepted by most involved Most knew delays may occur
and was part of buying into this "safety improvement" Audit Process Concerns cited
later in the project development phases delayed the design, however, no project missed
a letting due to redesigns These concerns usually resulted in incorporating the
improvement that will cause the least delay A Capital Improvement Project underwent
major redesigns and was in Jeopardy of missing a major commitment because of
concerns that were raised But because the concerns were valid safety concerns, the
District underwent major efforts necessary to incorporate the changes For most audits,
delays occurred, however, projects were not unreasonably delayed because letting
commitments over-rode decisions to incorporate improvements that would greatly delay
the project Because these concerns did not result in improvements does not suggest
that the audit process falled The Coordinator can utilize the knowledge to have an
improvement introduced through another project at another time and the lesson learned
can be utilized in another project

Delaying projects was found to be the most sensitive 1ssue in the Road Safety Audit
Process It i1s even more sensitive than money because money can be moved or items
can be eliminated Time cannot be changed and commitments reflect on an agency’s
credibility and are extremely important to uphold

DOCUMENTATION: Field reviews were extremely valuable and key In citing concerns
Many things were said and discussed durning field reviews Typical brainstorming
techniques were not easy to perform in a van during a moving field view Also, many
conflicts occurred that did not get resolved during the field view Documenting
everything was extremely difficult Do you bring a secretary? Do you take the time to
write all brainstorming concerns down before you move on? We chose to videotape the
entire field review, including brainstorming issues This was found to be vailuable,
however, it requires much of the Coordinator’'s time to decipher notes afterwards

Documentation can range from too little to too much Some Agencies utilizing the
Road Safety Audit Process have produced Audit Reports that are extremely
comprehensive and voluminous An agency needs to determine the optimum level that
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captures all concerns, conveys needed improvements, communicates results, but does
not restrict flexibility, increase tort exposure, and create unnecessary paperwork The
piiot varied the methods of reporting results to the Project Manager Having no formal
report reduced the concern of tort hability, but it caused a lack of communication and
incorporation of results in many instances Experience with the process will determine
the optimum level. The Pilot incorporated many improvements with minor
documentation because the Audits were performed internally and communication was
open and continual Most reports consisted of a one or two page letter from the
Coordinator to the Assistant District Engineer for Design (second only to the District
Engineer in authority) and cited concerns (with imited recommendations) with the
checklists available for background data

Citing specific recommendations was found to be undesirable because it left the
Project Manager with no flexibility It may also create unnecessary tort liability on the
projects where a recommendation was not accepted for even very logical reasons A
formal report citing concerns, and not recommendations, followed by a meeting with the
Project Manager to resolve concerns, discuss detatls not included, and select remedial
treatments was found to be the most welcomed method by all involved The report
needed to be timely so the short windows of opportunity were not missed and
information not forgotten

Team members were always concerned with their comments creating the potential
for tort hability by documenting concerns that may not be remedied This inttially stifled
ideas during field reviews, however, the concern was limited by showing that the reports
can be carefully prepared and worded to minimize tort exposure and convey potential
needs

Project Managers constantly needed reminded hat a formal report back to the
Coordinator s required for closure There was no optimum time to draft this response
and be assured that addenda will not be needed and tort hiability will not be increased
Solving the concerns is a dynamic process that does not occur synchronously for the
various concerns Iin the audit report

An audit team from outside of the agency was not used The reports from an
external audit team, that may have limited regard of the agency'’s tort hability, could
potentially be damaging and serve to be counterproductive If the agency’s entire
program management is not considered This i1s not to imply that concerns should go
unstated when faced with difficult decisions, but that the preparation and wording of a
report can make a big difference in the added value of an audit

SUITABLE PROJECTS: The pilot included many of the various types of project to
determine If the value added varied with project type It was detemmined that the type of
project has a bearing on the suitability of Road Safety Audits in the distnct Capital
improvement projects were excellent candidates for Road Safety Audits They
resulted in the most number of successful improvements because they generally had
more time available in which to redesign, already involved right-of-way acquisttions, and
had the greatest level of funding available to absorb cost increases New construction
projects generally have less constraints and more funding which is often a rare
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opportunity to make extraordinary improvements that may provide a safe and efficient
roadway for years to come PennDOT utilizes many processes throughout normal
project development that are intended to identify the vast number and variety of
stakeholders’ needs Normal project development for larger projects may include public
hearings and additional internal reviews that provide similar beneficial input that could
lessen the need for, or the value added, by an audit For example, the District 1s
presently designing some projects with the assistance of a Community Advisory
Committee that is made up of many local stakeholders that provide continual input on
the needs of the community and assist in project development Although concerns were
still identified, efforts may have been better utilized on other projects

Rehabilitation projects are also good candidates They generally provided
opportunities because the initial scope of work is already broad, already includes right-
of way acquisition, and can incorporate improvements with only minor changes They
have a higher level of funding that can absorb cost increases Because much of
PennDOT'’s available funds are used to provide winter services, diligent planning was
required to provide these types of projects on the major arterial roadways on a ten year
cycle If you do not include needed safety improvements at the time of the project,
another opportunity may be ten years away

Road Safety Audits on projects utiizing Federal Hazard Elimination Funds (Safety
Projects) did not result in many concerns They generally included a much smalier
section of roadway and had an existing emphasis on safety

Bridge reconstruction projects benefited from audits However, only the projects
involving a complete rehabilitation were found to have successfully incorporated
improvements because most are providing an effort to improve the alignment and
roadway approaches Other than bringing some features up to current standards,
projects involving only deck replacements have a very narrow scope and do not relate
to features scrutinized by an audit

Surface improvement projects can be notorious for painting the road black and not
looking back In other words, they are to improve ride qualty and extend pavement life,
and have little money available for additional improvements They are usually funded by
State monies, which tend to be stretched as far as possible The Pilot found little
support for major improvements Ironically, this is probably where there were the most
concerns, because speeds will be increased and most design features were not
improved. Therefore, unless the agency will consider drastically increasing the scope of
work, surface improvement projects are not good candidates for audits

Permit projects usually have no lead-time, receive little cooperation from property
owners, and involve funding outside of the agency, making them very difficult to
successfully audit Ironically, because little or no public money may be involved, the
benefits and opportunities in an audit could be enormous But, there will be resistance
from the developer with redesigns and continual reviews
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SUITABLE PHASES OF PROJECT DEVELOPMENT: The Road Safety Audit Piiot
audited projects In the various phases of project development and monitored the
experiences and results to determine if success was dependent on the phase It was
immediately obvious that audits initially performed in a later phase were not necessarily
doomed for failure, but resulted in an incorporation of a fewer number improvements
The defining ne appears to be the completion of the environmental approval After this
time, the amount of effort needed for major design changes 1s greatly increased and
often resisted

Successfulness of the audits depended on the type of project and the phase at
which cited the concern Early audits had a much higher probability in getting concerns
corrected because there i1s a construction project that can immediately address the
need Most concerns cited in preliminary engineering phases were addressed
Concerns cited in the later phases of projects (beyond mid point of final design) were
scrutinized more closely and required cost beneficial improvements to be incorporated
If there was more than one way to address a concern, the least expensive way was
selected at this point

During Construction, or the Pre-Opening Phase, the audit was very beneficial in
determining if the changes that were made in the field to the design were acceptable
Mostly changes of this nature were due to constructability problems, which left no other
choice, but to make the change The Road Safety Audit Team knows that these
changes are inevitable But, another audit in this phase can determine If there was a
corresponding safety concern and attempt to compensate for the change If it was
strictly a monetary decision, which are also inevitable, the audit still allows time for the
agency to weigh the potential safety concerns against the costs associated with
reconstructing now, or even worse, later after the contractor 1s gone

Concerns initially raised after construction started were very difficult to sell because
of the numerous ramifications that are involved in late changes These audits were
beneficial in identifying concerns relating to utility locations and roadside barrier
designs Any concern first raised while the contractor has begun work will most often be
very costly due to being additional work, aithough, it will be less expensive than after the
contractor 1s gone Some field construction personnel did not buy into the Road Safety
Audtt Process due to other numerous demanding prionties during construction In fact,
one Project Engineer stated' “Sure! As soon as you guys leave, another van load will be
here to see how I'm controliing my cost overruns!”

Once the contractor 1s gone, the cost to iImprove a roadway i1s increased drastically
and the desire to make changes decreased drastically, therefore, in-service audits were
not successful The agencies performing Road Safety Audits consider In-Service and
Existing Road Reviews as a completely separate process from Road Safety Audits
Mostly because it is usually futile to expect that a roadway built prior to 1960 can
feasibly conform to the safety standards of today without the benefit of a rehabilitation
project However, often a review of an existing roadway can resuit in a hst of locations
that can be improved, systematically, in a low cost manner The nsk is that the list may
be long and become a potential tort hability
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CONTROL: Research of the Road Safety Audit Process indicates that various agencies
prefer to have Police and other outside representatives on the team However,
unfavorable decisions based on all existing constraints and information at the time often
need to be made that could be damaging and/or counterproductive if improperly
exposed outside of the agency Some non-agency personnel may have hidden agendas
that may be counterproductive, also A few issues were discussed during the pilot audits
that could have been unpopular with certain interest groups/officials and may have
created difficulties for the District if they were involved (Disclaimer Nothing criminal,
unsafe, or unethical ) The fact remains that there would have been certain levels of risk
of having i1ssues become public at inopportune times causing possible loss of control of
the projects’ scopes and schedules During the pilot, PennDOT remained reluctant to
routinely include outside representatives as part of the core Team This will be
addressed with close attention, because of the value added by local knowledge

The Road Safety Audit Process did not control the projects Controversial
improvements were not incorporated if delaying the letting was a possibility This is not
unacceptable even from a pure safety perspective when the overall program
management i1s considered The buy-in process of the audits maintained the
perspective for the audit reports to be used as an additional tool for the District Engineer
to help identify potential use of funding and not as “unfunded mandates " Some
improvements were desirable, but were not worth delaying or losing a badly needed
project The positive perspective I1s that this should not be an issue if the Road Safety
Audit 1s performed early enough in project development If it is not, those responsible for
project management will need to make a difficult decision Furthermore, if the
improvement Is not accepted, the Project Manager and the Road Safety Audit Team will
have learned from the experience

CONFLICT RESOLUTION: Conflicts were expected to arise at three time frames in the
Road Safety Audit Process and were monitored to provide information to determine if
the process I1s feasible and how to best reach consensus Conflict resolution in citing
concerns, reporting concerns, and accepting remedial improvements can allow the
process to succeed or fall The pilot had a set and accepted procedure prior to
beginning The ground rules included 1) The team must reach consensus on citing
concerns, 2 ) The Team must avoid hidden agendas, and 3 ) The Team must accept the
decistons of the Project Manager

Only minor conflicts arose within the team in citing concerns and consensus was,
most often, easily reached It appears that the ground rules contributed to gaining and
maintaining the necessary buy-in of the Road Safety Audit Process Pilot When the
Team consisted of more than five members, consensus was often not obtained and
some concerns were not formally cited Consensus couid not be reached on a major
Issue In a project creating a lengthy delay in the audit process so support information
could be obtained and challenged the proper method to document the concern It also
challenged some support staffs’ buy-in to the Road Safety Audit Process when their
recommendations were not endorsed by the Team Ultimately, however, having the
issue raised and discussed Iin detail appeased the staff
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Secondly, when recommendations were reported, many conflicts arose because the
Project Managers could not always incorporate all improvements exactly as requested

dua ta varianie raacnne Whan anlv annaarne wara aitad and a fallaw._11n maatina wac
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held to resolve the concerns in the best manner feasible, conflicts were avoided This
was the most effective procedure, particularly in the later phases when time and money
were most critical, because it provided flexibility in the improvement that 1s incorporated

Lastly, when incorporating improvements into the project, conflicts involving money
and time were the most common. Improvements that could negatively impact project
development by bankrupting or seriously delaying the project were very difficult to sell to
the Project Managers The District has a Program Management Committee at the
Administrative Staff level that was ready to make final determination relative to cost and
delay, when necessary Most often, conflicts were resolved through finding ways to
coliectively resolve the concern in a manner acceptabie to the Coordinator and the
Project Managers An external audit team may make this a bit more challenging
because of their increased resistance toward the constraints

The most difficult conflicts to resolve were those that arose from audits during the
pre-opening phase The construction Project Managers also need to buy-in to the Road
Safety Audit Process and are very important to its success because therr field changes
may unknowingly create safety concerns Also, during construction, time 1s of the
essence, which makes improvements requiring changes difficult to sell and incorporate
Construction Project Managers have many conflicts to resolve in order to complete
projects on time and within budget at this stage, any changes must be unanimously
agreed upon and cost effective

LIABILITY: ldentifying concerns that may not get adequately addressed, even for good
reasons, may be damaging in future torts Even concerns adequately addressed could
be damaging in torts from crashes that occurred years ago by providing ammunition for
a plaintive that a concern exists Having a process focused on addressing safety
concerns of all varieties has to reduce tort exposure Agencies utiizing the Road Safety
Audit Process believe that everything should be well documented, however, many
agencies are protected in courts A Pennsylvania Statute that deems safety studies as
“non-discoverable” protects sensitive reports The reports during the pilot clearly
included the following “Confidential — In-depth Safety Study In accordance with PA
Consolidated Statutes Title 75 — Vehicles (Vehicle Code) Section 3754 and23 U S C
Section 409, this safety study is confidential and the publication, reproduction, release,
or discussion of these matenals is prohibited without the specific written consent of the
PA Department of Transportation’s Office of Chief Counsel This safety study is only
provided to official agencies with official duties/responsibilities in the project
development.” However, this did not cause the Audit Team to take a shotgun approach
and cite irrelevant concemns just to cite concems The Audit Team was prudent and
responsible when raising concerns Concerns and/or recommendations were to
enhance safety, but they were feasible (An extreme example Is the Audit Team did not
recommend a by-pass when the scope of work of the project is to resurface a roadway )
An irresponsible report will only serve to potentially cost the agency much-needed
dollars A report needs to be clearly thought out to prevent restricting flexibility for the
Project Manager in case issues do not get resolved in a imely manner
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RECO MENDATIONS

The following 1s a compilation of recommendations for adaptation of the Road Safety
Audit Process that are based on PennDOT District 10’s experiences
a Achieve Management Commitment (“Buy-In”) at all levels prior to beginning The
Road Safety Audit Process can distract an agency from their normal project
development routine by adding additional reviews which usually results in changes,
additions, and/or deletions of portions of the design This can cause delays, cost
overruns, and conflicts if those involved do not understand, accept, and prepare for the
possibility for change Having buy-in at all level of project development, 1 e , District
Engineer, Plans Engineering, Program Engineering, Designers, Road Safety Audit
Team, Safety Review, and all other involved internal and external Units, helps to allow
the Process to be effective

a Utiize a Coordinator to keep the process moving and allow it to be effective for a
number of projects by coordinating reviews, preparing accurate comments, interacting
with many Project Managers, selling safety concerns, determining adequate solutions,
and resolving conflicts To effectively do all of these requires a person(s) that has
knowledge, expernence, and enthusiasm To effectively do all of these requires a person
that has knowledge, experience, and enthusiasm Because timing is often cnitical to
success, the Coordinator’s role must be very active so communication 1s maintained
with the Project Managers throughout the development of the projects

o The Coordinator and Project Manager shouid work closely but separately The
Coordinator must be kept current on all projects undergoing audits through periodic and
open communication Accurately advising each other (Design/Road Safety Audit) of the
status and events of projects in a timely fashion can prevent “ wheel spinning” from
unnecessarily occurring For example, a project that was in the Piiot’'s Audit Process
had a major down-scoping, | € , from a Betterment Project (major reconstruction) type to
a Surface Improvement Project (1 1/2 “ of bituminous concrete, ONLY) without the
knowledge of the Coordinator, which resulted in a futile field review The Coordinator
also needs to be kept current on the status of previously cited concerns

o Although, it 1s very important that they remain separate, so they remain excluded
from normal biases and constraints

o Select an interdisciplinary team with experience Interdisciplinary knowledge ensures
that safety concerns are considered from all facets of highway engineering Experience
ensures a high quality review Also, Team members must be adept at visualizing
planned features since plans often do not exist during audits

o Limit non-agency team members Non-agency members may provide valuable
information, however, there I1s a great risk of losing control of the project by potentially
allowing unfavorable information to get outside of the agency. Decisions were made and
information revealed during the audits that could have been misconstrued and
potentially damaging if not all of the facts surrounding the circumstances were known
and/or understood Therefore, it may be better to search for the information offered by
others through other formats Non-agency Team Members may not be a concern once
the process becomes more widely accepted so non-successes are better accepted
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Use can also be dependent on the agency'’s ability to keep control of a project during
the threat of public adversity

a Provide training to team members in Human Factors, AASHTO Greenbook and
Roadside Design Guide, Manual of Uniform Traffic Control Devices, Accident
Reconstruction, Inteligent Transportation Systems, and Access Management An
agency may not have all of the recommended expertise, therefore, training may be a
need Training may also keep an agency from having to acquire an expert from outside
As Team members change, so will the needs to provide training This is extremely
important so the Team is as productive as possible In time, expertise will build

o Major reconstruction projects should include additional expertise, such as FHWA,
other Agencies, other Districts/Bureaus, etc New construction projects generally have
less constraints and more funding which is often a rare opportunity to make
extraordinary improvements that may provide a safe and efficient roadway for years to
come Expertise from outside the District can provide input of features and items that
have and have not functioned safely in other areas and regions

o When beginning the Audit, the Coordinator must be prepared so the team remains
informed, aggressive, cooperative, and enthusiastic The Project Manager should be at
the initial review to provide the background information, especially in the early phases
when plans may not yet be available However, he/she should remain removed from
discussions Video taping the entire field review can ensure that all comments are
captured and can allow the note-taker to actively participate in brainstorming This
requires work after the field reviews to decipher tape/notes, but ensures accuracy and 1s
convenient when the team needs to revisit an issue

o Local residents and others outside the agency should be solicited to help determine
the needs of all road users and stakeholders

o Be selective in the projects that will be audited and the number of audits performed
throughout the projects’ development Development of a project may routinely include
considerations in an Audit and, therefore, effort may be better spent toward another
project Also, some projects may not greatly benefit from multiple Audits throughout
project development Cost effectiveness must be balanced with the existing efforts, the
nsk, and the complexity of the design Experience with the Road Safety Audit Process
will help In selecting suitable projects and project phases more conducive to the audit
process with less repetition of that in the agency’s routine project development

o Select projects that have the capability and flexibility to change Do not set the Team
up for failure! And START EARLY so you can change!

o The Road Safety Audit should be a totally separate process from the normal and
routine safety review Both processes have their specific purpose and need District 10
did not even have the safety review committee chairman on the Road Safety Audit Pilot
Team to determine if a successful safety audit could be conducted without the biases
that the chairman may bring from working with the design team previously The Road
Safety Audit Process Is to be independent In addition, knowledge of crash data is
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irrelevant to the audit--the team s looking for crash potential Hopefully, and very
importantly, crash history I1s addressed by the safety engineer working cooperatively
with the design team

o Attempt to provide your agency with confidentiality Although Pennsylvania is no
longer protected by Sovereign Immunity, it 1s protected by a Statute that deems “safety
studies” as “non-admissible” in Torts and may keep from having to release audit reports
This 1s a security blanket, however, it may not be practical nor an option for some
Agencies The concern of Liability is valid, but the benefits that can be realized will
outweigh the nisks if care 1s taken when documenting the results of the audit

o A formal report identifying the issues raised in the audit shouid be prepared The
report should be prepared with care and provide the formal documentation on which
decisions about corrective action will be based

a Cite concerns not recommendations. This is one of the most important issues
learned in the Pilot Recommendations and solutions may be too restrictive for the
Design Team and could be the biggest cause for tort hability concerns if the
recommendation cannot be incorporated Reports must be carefully thought out and
worded In such a way so “smoking guns” are not created by citing specific concerns that
are not incorporated that may be construed as the agency being neghgent in a future
tort even if there 1s very good reasoning for not incorporating Not wanting to create a
potential hability concern was a major focus for all Team Members Some concerns
were stifled because of this Therefore, by carefully preparing and wording the reports,
Team Members will see that they are not creating a tort hability and their ideas will not
be stifled

a A follow-up meeting with the Project Manager should be heid to clanfy results, sell
the concerns, discuss possible solutions, and discuss needed actions This also allows
an opportunity to advise the Project Manager of details that the Team may have not
included in the formal report

o The report needs to be timely so the short windows of opportunity are not missed
and information 1s not forgotten

o Set an acceptable protocol for resolving conflicts within the Team and with the
Project Manager The normally accepted approach is that all members of the Team
must agree with a cited concern Buy-in and an understanding of the Road Safety Audit
Process helped make conflict resolution among Team Members a minor issue To be
successful, The Road Safety Audit Team, the Design Teams, the Programming
Engineers, and everyone involved in the project development process must understand
the Audit Process and know what to do when a conflict occurs Having a set and
accepted procedure prior to iImplementing the Pilot demonstrated to all parties that not
everything would be completely satisfactory to everyone Examples may include the
folowing 1) The team must reach consensus and the Coordinator must avoid hidden
agendas so concerns cannot be labeled as self-serving, 2) The Project Manager and
the Coordinator must mutually resolve the conflict, 3) The district's Program
Management Committee (or similar commuttee) will make final determinations if cost
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and delay may be i1ssues, and 4) The team must accept final decisions Not all concerns
may be well accepted It helps If everyone knows what to do if issues cannot be settled
so procrastination or avoidance does not cause an issue to remain unaddressed This
concern 1s minimized with buy-in

a Consider using technology to gather data, to record documentation, and to solve
concerns Try to ease the burdensome facets of the Road Safety Audit Process, like
note taking, measurements, report writing, etc to allow the Process to be less
cumbersome and even fun Videotaping was extremely helpful for the Coordinator in
capturing all discussion |t was also used to revisit certain locations Laser Measuring
devices can quickly and easily measure speeds, grades, and distances that could
determine, at a touch of a button, if there is a specific concern pertaining to roadway or
operation of the roadway A laptop computer can speed up note taking and especially
report writing It 1Is important that the Team remains knowledgeable of the state-of-the-
art technology that can be easily incorporated into projects to enhance safety Examples
include Inteligent Transportation System devices (Dynamic message boards for
information and closed loop signal systems for congestion) and Signal Advancements
(emergency vehicle preemption for EMS vehicles and queue detectors for congestion)

o If an agency has multiple districts and chooses to pilot the process in a small
jurisdiction prior to wider implementation, constant communication among all to be
involved needs to occur to reduce the common fears and possible misconceptions that
can result in being uninformed This will help with assist with the buy-in process

FUTURE PLANS

PennDOT's Road Safety Audit Process Pilot Is complete However, the Pilot is now
under close evaluation and PennDOT will soon incorporate the process in some form
throughout Pennsylvania An ending meeting was conducted on December 21, 1998 to
discuss 1ssues pertaining to the feasibility of statewide incorporation The checklists will
immediately be given to all Project Managers in every Engineering District and a Road
Safety Audit Team, or Teams, will be formed to conduct a imited number of audits
Each Engineering District will utiize their strengths to capture the key elements of the
Road Safety Audit Process to the best of their ability given the imited available
resources Consultant Engineering firms may be considered on a district by district
basis after each District has the exposure to the process and determines its potential
With experience, the number of audits conducted will, hopefully, increase

District 10 will be trying new methods and practices to become more familiar and
proficient with the process and to determine methods that can further integrate safety
into roadway construction projects District 10 hopes to incorporate an audit from a team
of experts outside of the district, but within PennDOT, to determine If a totally unfamiliar
view would be beneficial or preferred Police officers will also be used as resources to
determine if their knowledge of the roadways’ operational experience i1s helpful in
conducting Audits Additionally, portions of the FHWA's Older Driver Handbook will be
incorporated into the checklists, nighttime reviews will be considered, and methods to
determine the best feasible methods in obtaining the needs of all road users will be
sought
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SU MARY
Although PennDOT's normal project development inherently incorporates safety into

designs through various procedures, the Road Safety Audit Pilot created awareness

and appreciation for the Road Safety Audit Process as a useful tool to maximize the

safety potential of roadway construction projects through prudent use of the following

¢ Interdisciplinary expernence to brainstorm possible problems,

¢ Human factors and multi-modal considerations to ensure a safe roadway for all road
users,

¢ Checklists to surface safety concerns,

¢ Field reviews focused purely on safety to maximize opportunities and minimize
missed opportunities to iImprove projects’ safety potential,

¢ Learning from the experiences, both successes and non-successes, and

¢ Providing a quality project by preventing some common occurrences

Does the Road Safety Audit Process add value?

It should be no surprise that any detailed review, especially one focused purely on
safety, will most likely identify safety concerns, which If corrected, will add value The
Road Safety Audit Team found potential problems associated with several types of
projects In various stages of development Efforts were made to not have the audit be
influenced by the activities of the Safety Review Committee in their performance of
safety reviews The Safety Review Committee primarly addresses adherence to
standards The Road Safety Audit Team performed a different function, one that can
identify issues that would not have been discovered as part of the Safety Review
whereby adding safety value It can ensure a quality product by preventing occurrences
that may adversely affect safety and be costly to repair It can also maximize
opportunities to enhance safety and minimize missed opportunities to enhance safety

With this added value, however, there 1s some additional risk involved as well Does
using the Road Safety Audit take the control of the project out of the hands of the
Project Manager and put it into the hands of the Audit Team? Are there time problems
associated with scheduling another series of meetings? What are the implications if
certain concerns raised by the Audit Team are not addressed? These obstacies must
be addressed through buy-in, the strengths of the individual agency, and awareness

Can the Road Safety Audit Process be implemented within existing resources?
It 1s estimated that the average cost of an Audit in the pilot process 1s $2,000 to

$5,000 This cost Is based on an internal review Team and includes only salary and
equipment costs This cost Is comparable with estimates produced in the United
Kingdom and Australia and is very little for the amount of success achieved Audits
conducted by an external Team, such as a consultant or another agency, were not
used Not all projects required the same level of effort to conduct the audit and not all
projects were good candidates for audits Improvements have added costs to the
project development, however, this 1s not considered as a cost of the audit Thisis a
factor that must be considered on a project-by-project basis
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Will the Road Safety Audit process delay project delivery?
The Road Safety Audit Process can delay the overall project development The

amount of delay 1s dependent on the type of project and the stage of the audit For
simple designs that are audited early in the development of the design, the delays are
minimal and will not adversely affect project delivery For complicated projects audited
after the environmental approval or in later stages, the delays could be long and may
jeopardize the letting of the project An agency must balance the benefits derived from
the audits with project commitments on an individual basis If an agency would
determine that the audit would control project development, there will be delays in
delivery However, it s most probable and prudent when considering all factors, that the
agency will use the audit as a tool, act responsibly on a project-by-project basis, but will
not considerably delay a project

Report prepared by: Timothy R. Pieples, P.E.
Associate Member of ITE

District Traffic Engineer

PA Department of Transportation

Engineering District 10

Box 429 indiana, PA 15701

Phone (724) 357-2845

Fax (724) 357-1904

Last Updated on 2/21/99
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Road Safety Audit: A New
Too for Acc dent Prevention

BY ITE TECHNICAL COUNCIL COMMITTEE 4S-7

uring the past five years or so, var-

ous countries have adopted the
practice of auditing new or existing
roads for the specific purpose of acci-
dent prevention This practice 1s known
as road safety audit In 1994 n
response to Federal Highway
Admimistration (FHWA) Highway
Safety Program Guidelines, the
Institute of Transportation Engineers
proposed that American “agencies
should ntroduce the concept of road
safety audit into their systems ™!

The Institute established an interna-
tional committee (ITE Technical
Council Committee 45-7 Road Safety
Audits) with Kenneth W Ogden as
chair to prepare an informational
report on this subject This article sum-
marnizes the completed report 2

National Road Safety
Strategies and Targets

In recent years, a number of coun-
tries (for example, Umted Kingdom,3
Australia,® The Netherlands’ and New
Zealand®) have developed national
road safety strategies aimed at achiev-
ing sigmficant reductions 1n road trau-
ma and 1ts costs

Each of these national strategies
places considerable emphasis on road
and traffic engineering measures as
ways of achieving the national targets
In the United Kingdom for example, at
least one-third of the target reduction
was to be sought from these measures

These road and traffic engineering

measures include programs of crash
reduction (that 1s, the development of
remedial measures to apply at sites
with a high crash frequency) and crash
prevention (ensunng that the design of
new roads 1s as safe as practicable, and
that proactive remedial treatments are
applied to existing roads)

This latter emphasis on crash pre-
vention 1s a direct response to pohitical
pressures to reduce road crashes and
their economic and social costs, as
reflected 1n the development of
national road safety strategies and tar-
gets One of the key processes
mvolved 1n crash prevention programs
1s what has become known as road
safety audit

Road Safety Audit

Road safety audit has been defined
as a formal examination of an existing
or future road or traffic project, or any
project that interacts with road users, 1n
which an independent, qualified exam-
mner looks at the project’s accident
potential and safety performance 7

The objectives of road safety audit
are to identify potential safety prob-
lems for road users and others affected
by a road project, and to ensure that
measures to eliminate or reduce the
problems are considered Safety audit
amms to
m Minimize the risk and seventy of
road crashes that may be affected by
the road project at the site or on the
nearby network

® Minimize the need for remedial
works after construction
& Reduce the whole-of-life costs of the
project
@ Improve the awareness of safe
design practices by everyone involved
in the planning, design, construction
and mamntenance of roads

Road safety audit can work 1n two
ways by removing preventable acci-
dent-producing elements (such as map-
propniate intersection layouts) at the
planning or design stages, or by mitigat-
ing the effects of remaining or existing
problems by the inclusion of suitable
crash-reducing features (such as anti-
skid surfacing, guard fencing, traffic
control devices and delineation) ¢

International Review

It 1s useful to briefly chart the emer-
gence of the road safety audit concept
as a discrete element of a road safety
program, and to consider its introduc-
tion 1n several countnes

United Kingdom

The concept emerged onginally in
the Umited Kingdom 1n the 1980s In
1987, the Department of Transport
developed strategies aimed at reducing
road casualties by one-third by the year
2000 The following year, legislation
was passed that reinforced the require-
ment that road authonties in mamland
Britain take steps to reduce the possi-
bility of crashes on new roads This
requirement led to the preparation of
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two key publications Road Safety Code
of Good Practice'® and Guidelines for
the Safety Audut of Highways & Road
safety audit was made mandatory from
Apnil 1991 for all national “trunk”
roads and motorways (freeways) n the
United Kingdom.

Australia

In Austraha, Austroads (the nation-
al association of road and traffic agen-
cies) has established a working party to
develop road safety audit guidehnes to
provide a nattonal focus for this work 1!
State road authonties have progressed
road safety audit at different rates In
New South Wales, 20 construction pro-
Jects are audited within each of the
road authonty’s regions, 20 percent of
the existing road system 1s to be audit-
ed each year to 1dentify the deficiencies
of the existing road and :dentify prion-
ties for action In the State of Victona,
a safety audit 1s conducted for all major
projects, for 20 percent of other con-
struction projects, and for 10 percent of
maintenance works

New Zealand

In New Zealand, the national roads
and public transport agency (Transit
New Zealand) has embraced road safe-
ty audit and began conducting pilot
safety audit projects (which had a sub-
stantial training component) 1n 1992
From 1993, safety audit was mandatory
for a 20 percent sample of state high-
way projects A pilot program for road
safety audit at the local government
level has commenced

United States

In the United States, road safety
audit as a formalized procedure has not
been introduced '2 However, the
Federal Highway Administration
report “Management Approach to
Highway Safety A Compilation of
Good Practices” summanizes the need
for a comprehensive and coordinated
approach to highway safety!3
Although safety audit as such 1s not
mentioned, two of the key programs
had strong undertones of this concept
m A program for identifying, investi-
gating, setting prionties and correcting
hazardous or potentially hazardous
roadway situations
® A process to consider safety needs,
goals and prionties in the development
and construction of all highway facilities

The Intermodal Surface Transpor-
tation Efficiency Act of 1991 (ISTEA)
included elements related to road safe-
ty, and the FHWA/FTA Docket No
92/14 published a proposed rule on
safety management systems within the
Highway Safety Program Guidelines,
stating that “the highway safety man-
agement system may be further defined
as management processes to ensure
that all opportumities to improve safety
are 1dentified, considered, implemented
where appropnate and evaluated "14

ITE responded to this proposed rule
by submutting among other things, that
“Agencies should introduce the concept
of the safety audit into their systems "1

Application of Road
Safety Audit

Road safety audit may be carned
out at any or all of several stages of a
project These include the following

Stage 1: Feasibility

As an input to the feasibility stage of
a scheme, a safety audit can influence
the scope of a project, route choice,
selection of design standard, impact on
the existing road network, route conti-
nuity, provision of interchanges or
intersections, access control, number of
lanes, route terminals, stage develop-
ment, and more

Stage 2: Layout
or Preliminary Design

This audit stage 1s undertaken on
completion of draft plans or a prehim-
nary design Typical considerations
include honzontal and vertical align-
ment, sightlines, intersection layouts,
lane and shoulder width, pavement
crossfall and superelevation, overtaking
lanes, provision for parked and station-
ary vehicles, provision for cyclists and
pedestnans, effects of departures from
standards and guidelines, safety dunng
construction, and so on After this
stage, as land acquisition becomes
finahized, subsequent significant
changes 1n road alignment become
harder to achieve

Stage 3: Detailed Design

This audit stage occurs upon com-
pletion of detailed design, but normal-
ly before the preparation of contract
documents Typical considerations
include line markings, sigming, delin-
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eation, highting, intersection details,
clearances to roadside objects, provi-
sion for road user groups with special
requirements (for instance, pedestn-
ans, cychsts, people with disabilities,
trucks and buses), temporary traffic
management and control durning con-
struction, drainage, poles and other

Kenneth W.
Ogden, Chair of
ITE Technical
Council Commut-
tee 45-7, 1s head of
the Monash
. Transport Group
in the Department of Civil Engineering
at Monash Universuty in Melbourne,
Australia He received his B E and
M E degrees in civil engineering from
the University of Melbourne, and his
Ph.D n civil engineering from Monash
University in Melbourne Ogden is a
Member of ITE
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and guard fencing

Stage 4: Preopening

Immediately before the opening of a
scheme to traffic, the audit would
mvolve driving, niding and walking
through the project to check that the
safety needs of all road users are ade-
quate This should involve a mght-time
mspection and, if possible, an inspection
1n both wet and dry conditions It would
canvas similar 1ssues to those raised 1n
Stages 2 and 3, but with a view to assess-
ing their adequacy as actually construct-
ed, taking particular note of vanations
that mught have occurred from the plans
1 the course of construction.

Stage 5: In-service

This stage involves a systematic
examination of sections of the existing
road network to assess the adequacy of
the road, intersections, road furniture,
the roadside, and so on from an expheit
safety viewpoint This can have two

scheme after it is opened to traffic (1n
the weeks and months following a
Stage 4 audit), or a safety audit of an
existing road or road network with a
view to 1dentifying safety-related defi-
ciencies The audit of existing roads

and road networks 1s discussed later

Safety Audit Process

While each road agency undertaking
a road safety audit may have 1ts own
audit process, there are several key
requirements 15

Commitment

Whether road safety audit lives up to
its potential depends largely upon the
commutment and endeavors of the orga-
nization and staff involved It s vital that
1t be seen as an integral part of an
agency’s overall program Otherwise, 1t
runs the nsk of being perceived as ques-
tioming the competence and profession-
alism of the designer or road builder



Process

The road safety audit process must
seek to take an overall view of safety
The process aims to reduce the whole
bife cost of a scheme. Although there
will be costs of the audit process, these
must be offset aganst the potential for
savings elsewhere. The savings may be
from timely alteration to plans (it 1s
much cheaper to change a detail on a
plan than to replace or remove a feature
once installed), from subsequent crash
prevention, and from reductions 1n the
costs resulting from htigation
Experience n those junsdictions where
it has been introduced indicates that
safety is now a more exphat factor n all
levels of road decision-making, rather
than a minor or imphcit consideration
as previously may have been the case

Organization

There are a number of ways 1n
which the safety audit process may be
carned out These include
® Specialist advice and audit team
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| Specialist advice and independent
project manager.
| Specialist advice to the designer.
@ Second design team and indepen-
dent assessor.
8 Second design team auditing.
® Own team auditing 8

An agency developing a road safety
audit process will need to determine
which of these procedures (or an alter-
native) to follow, depending upon 1its
own “culture,” expertise and the role
of safety auditing within a wider insti-
tutional framework Whichever
method 1s adopted, the key factors are
the same
® The audit team must include spe-
cialist knowledge of safety engineer-
ing.
8 The findings of the audit should be
documented and reported formally at
each stage of the audit process
® The reasons for various elements of
audit advice should be documented for-
mally
B The reasons for rejecting any ele-

ment of advice should be explained to
the scheme designer. .

8 Provisions for arbitration should be
made. -

8 Independence of audit must be
maintained, and there should be an
awareness of possible hitigation if there
are subsequent failures.16

Checklist

The actual tasks undertaken by a
safety audit team will 1n most cases
involve the use of checklists or
prompts These typically show the sorts
of issues and problems that can arnse at
the relevant stage of the project.
Examples are presented as mnserts 1n
the IHT and Austroads guidelines for a
wide range of applications and project
stages 811 A number of PC-based pro-
grams containing checklists or prompts
are now coming on the market, and
these will help facilitate the audit
process

Important to remember, however,
1s that these checklists or prompts are



really only an aide memoire Therr
advantage 1s that a formalized check-
ing procedure, using a checklist or
something simular, is less hikely to
overlook problems However, they
cannot be a substitute for expertise,
and 1t 1s imperative that those respon-
sible for undertaking safety audits
have adequate training and expenence
in road safety engineening One of the
main benefits of checklists 1s that
designers use them to audit themselves
before their work gets to the auditor,
thus enhancing quality at an even ear-
lier stage

It 15 also vital that the safety audit
procedure nvolves a site visit, at what-
ever stage 1t 1s concerned with, since
there will inevitably be factors present
and 1dentifiable at the site that are not
evident from the plans

Training and Development
of Expertise

The size of the audit team will vary
with the size and complexity of the pro-
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ject to be audited In the Bntish expen-
ence, a three-person team has been
found to be suitable at the feasibility
and/or layout design stage The team
comprnses a road safety specialist with
experience 1n crash investigation and
expertise 1n safety engineering princi-
ples and practice, a highway design
engineer; and a person with expenence
in safety audit who 1s able to generate
discussion and assist in the procedure
At the detailed design stage, it may be
necessary to supplement the above
team with spectalists in particular areas
(such as traffic control and street hght-
ing) depending on the nature of the
scheme At the preopening and in-
service stages, the inclusion of the
police and an engineer who has (or will
have) responsibility for the mainte-
nance of the road and its traffic control
devices 1s important 16

Monitoring and Evaluation

A junisdiction introducing safety
audit needs to set up a process of moni-

toring and evaluating the process. This
involves three aspects

& Procedures, problems encountered,
and the system'’s effectiveness

®m Cntical appraisal of the checklists
and their use

® Evaluation of costs and resources by
scheme type and stage!6

Liabllity

The Austrahan guidelines contain
an entire chapter on this aspect. This
will not be summarized here, but its
conclusion is relevant,

No case involving road safety audit
has yet come before a court Therefore
the legal implications must be specula-
tive, not certain But the predictions are
not guesswork; they are based upon
well established principles of tort law

Safety audits will create a safer road
environment A major aim of hitigation
in this area of law 1s to encourage safe-
ty It follows that the use of road safety
audit will be encouraged by the legal
system But the major focus of the law
in this area 1s the end product—the
state of the road itself—and not the
methods by which an authornty
achieves this

Roads can be made safe by a varniety
of methods—including black spot treat-
ment, penodic inspection, the adoption
of higher standards of engineering
practice, greater allocation of funds and
road safety audits It 1s for highway
authonties to decide which mix of these
15 best for any given project, and as an
overall policy

It 1s obvious that the process of road
safety audit can play a vital part 1n
achieving safer roads Highway authon-
ties that fail to adopt the process run
the nisk that avoidable defects on the
road will not be discovered, and that
the defects will cause accidents
Highway authorities that fail to adopt
safety audits or comparable processes
run a higher nsk that legal hability will
be imposed.!! '

Audit of Existing Roads

The safety audit of existing roads has
not as yet been a major component of
road safety audit programs in place,
although the guidelines 1n use 1n vanous
countries often allow for 1ts inclusion.



However, a formal program of road
safety audit of existing roads can be an
important component of the overall
audit procedure (Stage S as mentioned
above) For example, the Austroads
guidelines state that the aim of this
audit stage 1s “to identify any existing
safety deficiencies of design, layout,
and street furmture which are not con-
sistent with the road’s function There
should be consistency of standards such
that the road users perception of local
conditions assists safe behavior "1!
These guidehines suggest a different
approach depending upon the length of
road For short lengths (for instance,
less than 30 km), a detailed inspection
15 suggested, highlighting specific 1ssues
and making specific recommendations
For longer lengths, a two-part inspec-
tion 1s suggested, with the first being a
broad assessment of the route high-
lighting what major problems exist and
where they are located Then only
these locations are subject to the more
detailed audit, as in the approach sug-
gested for shorter lengths

Effectiveness of Road
Safety Audit

Although 1t 1s a relatively recent
technique, evidence 1s emerging that
road safety audit 1s a cost-effective safe-
ty measure

There 1s evidence that in many
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cases, existing design and construction
processes allow deficient or inappropr-
ate elements of road projects to be
implemented For example, many juns-
dictions will have had expenence with
road safety problems that have arisen
within a year or two of the opening of a
new project These problems would
have been 1dentified if the project had
been subject to safety audit A formal
requirement that a project be subjected
to a safety audit will thus very hkely
lead to improved safety Expenence in
the Umted Kingdom suggests that for
individual schemes, one-third of acci-
dents have the potential for removal by
safety audit 1!

Resources that need to be devoted
to safety audit are in fact quite small
UK expernence suggests that one safe-
ty auditor 1s required to cover an area
expeniencing some 2,000 casualty crash-
es a year (although more recent expen-
ence suggests that this may be underes-
timated by a factor of 2) 8 Australian
and New Zealand experience suggests
that safety audit adds about 4 percent
to road design costs

There have been some attempts to
quantify the benefits of road safety
audit One highway authonty in
Scotland has estimated that one-third
of future crashes at road improvements
are preventable by audit, and that a
1 percent crash saving per year—worth
about £1 million (approximately

This report 1s a summary of an Information Report of the Institute of
Transportation Engineers. The report was prepared by Technical Council
Commuttee 4S-7. The information 1n this report has been obtained from expe-
riences of transportation engineering professional and research ITE
Informational Reports are prepared for informational purposes only and do
not include Institute recommendations on the best course of action or the pre-
ferred application of data. The complete report 1s available from the ITE
Bookstore at ITE Headquarters (IR-076, $10/$15)

Members of Committee 4S-7 were: Dr Kenneth W. Ogden, PE (M),
(Charr), Dr Ian 'Appleton, Mike Goodge; Philhp W Jordan (M); Torsten K.
Lienau (A), Wilham Marcony, P.E (FL), Donna C. Nelson, P.E (M), Barbara
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US$1 5 million)—is possible across the
region at a resource cost of £70,000
(approximately US$100,000), a
benefit cost ratio of 15:1.17. In New
Zealand, a potential benefit cost ratio
of 20 1 has been estimated for road
safety audit procedures 7

Conclusion

Road safety audit 1s an emerging
procedure aimed at ensunng that road
authonties “get 1t nght the first ime ”
It 1s aimed at crash prevention rather
than crash reduction Audits may be
undertaken at any or all of five stages
feasibility, layout design, detailed
design, preopening or m-service An
agency introducing a road safety audit
process must have a commitment to the
process, and ensure that formal proce-
dures are established to ensure that the
audit 1s effective and influential Key
factors are the independence of the
person or team undertaking the audit,
and the accountability of the person
making decisions 1n hght of the audit
team’s report Concomitantly, the audi-
tor or audit team must be competent
and expenenced 1n road or traffic engi-
neering, and have had adequate train-
ing 1n road safety audit The education-
al effects of safety audit on road design-
ers and managers will result 1n more
safety-conscious planning and design

It 1s likely that a form of road safety
audit will become more common
worldwide as agencies seek to mimmize
the whole-of-life cost of road projects,
and gain a measure of protection from
the costs of itigation Certainly 1n those
junisdictions where 1t has been used,
there 1s enthusiasm for the process
based upon a conviction that it 1s a
highly cost-effective road safety mea-
sure.
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Road Safety Audits in Canada
Early Success Stories
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SUMMARY

Road Safety Audits (RSA) have been employed mostly on major projects in Canada since first
employed in early 1997. RSAs are being accepted across the country with minor changes to reflect
legal and instructional concerns.

For RSA to go beyond checklists for experts will require the introduction of risk. In this paper the
authors outline a procedure to develop an analytical nsk equation. The nsk equation wall allow
highway designers to consider the human factors of driving, reliability of engineering design and
the consequences of failure.

INTRODUCTION

Road safety audits and reviews have been a formalized analysis process for more than two decades
These formal safety-focused analyses started during the early 1980’s in the UK (see, B. Sabey
(1993), S. Proctor and M. Belcher (1993)), moved to Australia in the early 1990’s (P. Jordan and E
Barton (1992)) and New Zealand (Chadfield (1998)), then on to many other countries. The process
has been modified to reflect local requirements and has generally been thought to yield substantial

benefits.

The introduction to North America started in the mid 1990°’s. The first formal audit in North
America, following the Australian model, was in early 1997 of the Highway 1 HOV design 1n
Vancouver, Canada, by Professor Navin and Hamilton Associates. The U.S. Federal Highway
Administration has had extensive trials running in Pennsylvania since 1997, after a study tour to
Australia. The details of road safety audits in North America, like their prototypes in Australia and
the UK, reflect the instructional needs of the local areas.

FORCES FOR ROAD SAFETY AUDITS

Road safety audits emerged in the U.K. as a local county council initiative as a result of poor
highway design. The U.K. Department of Transportation required preliminary, detailed, and pre-
opening safety audits starting in 1991.

The need for safety audits in North America comes about for a number of reasons The first and
most powerful is a successful prototype in Australia, New Zealand and the U.K. Canadian highway
designs are frequently subjected to Value Engineering (VE) reviews. The Highway 407 Safety
Review (1998) reported that VE is often a cost cutting exercise. The basic assumption of VE is that
if existing standards are met, safety is satisfied. Most knowledgeable engineers recogmze that
compliance with highway design standards does not insure safety.
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There is also an economic and social need to improve road safety. The cost of insurance continues
to nise as the number of collisions and injuries rise almost 1n lock step with increased automobile
travel The total cost of collisions represents about one percent of the GNP of most nations

The current situation requires road safety audits to ensure that safety is adequately considered This
then imphes that we either do not know enough about road safety to adequately represent 1t in the
design standards, or that it has a very small role to play when compared to the operational and
construction costs.

CANADIAN EXPERIENCE

The Canadian road safety audit expenence commenced in British Columbia and started in
1995/1996, when the Insurance Corporation of Bntish Columbia (ICBC) commissioned fact-finding
studies to review the concept and the lessons learned in other junsdictions  Most of the audit
experience has been supported by ICBC.

First Audit and Lessons Learned

The first road safety audit in British Columbia was conducted early in 1997, and this 1s believed to
be the first formal audit undertaken in North Amenca The Mimstry of Transportation and
Highways and ICBC commussioned an audit at the 50% design stage of the Highway 1 HOV lanes
project 1n suburban Vancouver The audit process proceeded smoothly, and the Mimstry responded
to the audit recommendations as required by the formal audit process. The lessons learned from
thus first experience included.

o the need for the audit team to provide a set of recommendations for consideration to address the
safety issues that are raised by the audit,

e the need for the audit to acknowledge that some design decisions are dictated by policies and
standards that are beyond the contro! of the design team, and therefore the audit recommendations

should address pohcy decisions when appropriate

The majonty of British Columbia’s road safety audits have been for major highway, bridge, and
interchange projects, with capital costs of up to $100 milhon. Several audits have also been
conducted for smaller intersection upgrade projects. The audits undertaken to date are listed n

Table 1

Other Experience in Canada

Ontario

The pre-opening safety review of Highway 407, north of Toronto, was undertaken early in 1997.
While not formally an audit, this safety review received national media attention and helped
designers and transportation engineers focus on the importance of explicitly accounting for road

safety at the design stage.
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Table 1 - Typical Audit Recommendations
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The Ministry of Transportation of Ontario has adopted refined procedures to maintain the focus on
road safety throughout the planning / design / policy setting cycle. Road safety "assessments", as
audits are called in Ontario, are part of the refined procedures.

Road safety reviews and audits have been undertaken for several projects in Ontario since 1998,
including the extension project for Highway 407 as part of a Design/Build proposal; a section of
Highway 12 as part of the preliminary design; and a section of Highway 401 as part of a widening
project. Similar to British Columbia, audits are being applied generally to larger scope projects
with multi-million dollar capital costs.

Alberta

Road safety audits were introduced to Alberta in 1998, and the first formal audit was undertaken for
the widening of 67 Street and 30 Avenue in the City of Red Deer. In 1999, a road safety audit was
prepared for an existing interchange in the City of Edmonton. The City of Calgary is currently
considering the application of road safety audits for major interchange projects.
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New Brunswick

The new Fredenicton-Moncton Highway has provided an opportunity for audits to be introduced to
New Brunswick. In 1997 a safety audit was prepared for this major Design/Build facility as part of
the proposal preparation stage, and road safety audits are being conducted during the detailed
design stage. The University of New Brunswick is researching audits from the perspective of
Atlantic Canadian conditions.

Experience on Design/Build Projects

In addition to the above, the value of road safety audits on Design/Build projects has been
recognized, and this is an area where the Canadian experience is at the forefront of audit
applications. Several major Design/Build projects commissioned by the British Columbia Minstry
of Transportation and Highways since 1998 have had a requirement for a road safety audit The
Design/Build proponent teams, typically consisting of a partnership between contractors and
engineers, are required to retain an independent road safety audit team to formally review the design
at designated stages (typically at the preliminary and detailed stages), and to prepare audit reports
that the design team then responds to. Given the time and budget pressures typically imposed on
Design/Build projects, safety audits are now seen as a critical component. The Design/Build
projects range in value from $2 million to $30 milhon. Alberta and Ontario are other provinces that
are introducing safety audit requirements into Design/Build projects.

Most Common Audit Recommendations

Based on the Canadian road safety audit experience, the most common safety audit
recommendations as derived from selected projects have been summarized and compiled as shown

in Table 1

Table 1 indicates that the two issues most commonly addressed in audit recommendations are cross-
sectional design elements and pedestrian/bicycle facilities. This finding indicates that while
designers typically address vertical and horizontal alignment issues with a high level of in-built
safety, issues related to lane width, shoulder width and super-elevation are more prone to safety
concerns As well, issues related to crosswalks, sidewalks, cychst paths, and non auto network
continuity are commonly introducing safety concerns as identified by audits. This finding is
probably to be expected since accommodating pedestrians and cyclists is a relatively new
phenomenon compared to traditional design practices on major highway facility projects.

It is noted that Table 1 simply summarizes the audit recommendations under broad headings The
recommendations may or may not have been adopted by the design team.

Road Safety Audit, Beyond Checklists

The key objective of Road Safety audits is to reduce the inherent risk of travel prior to the public
opening of the road. The lack of road safety or danger may be defined as the risk of travel. The nsk

equation is simply:

Risk = Exposure * Probability of the event * Consequence of the event
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A nsk approach to road safety audit has been proposed by Waught (1998) and Chadfield (1998)
Chadfield (1998) quotes from Transfund New Zealand Safety Audit Procedures to explain the
ranking of recommendations based on risk, as given mn the “outcome table” of Table 2. The
probability measure is the total collisions per year. This combines exposure and the probability of a
crash The procedure allows recommendations to be ranked by their urgency.

Table 2 - Risk Level for Road Safety Issues

Probability
Seventy of Crash Frequent Occasional Improbable
one+/year once/1-5 years
Fatal Urgent High risk Medium nsk
Serious High risk Medium risk -
Minor Medium risk - Low nisk

The road safety audit procedures of Western Australia include 2 nomograph solution to the nsk
equation to develop a risk rating. The nomograph is shown in Figure 1. Figure 1 is more useful to
the safety analysts than Table 2 since it explicitly allows exposure to be factored into the nsk rating

Both these approaches show that road safety audits should go beyond the current preoccupation
with checklists for experts The ability to go beyond simply identifying problems assumes a more
precise understanding and/or an ability to study from a sound theoretical base of understanding

Figure 1 — Risk Score Calculator
Source: National Safety Council of Australia Ltd.
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The Expert and Beyond

The ideal safety auditor has the characteristics of a team of people. The safety auditor should have
experience at road design and operations, be competent in accident reconstruction, and also
understand the travelling needs and habits of all road users. Expertise requires considerable time to
develop and an adequate scope to practice. In any given area of endeavor, there are only a hmited

number of experts.

Figure 2 is a simplified diagram of the critical elements that go into a road safety audit A new
design or existing road needs to be audited by an expert. The role of the expert is to forecast risk
and to make recommendations to reduce risk.
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Figure 2 - Road Safety Audits, A Scheme to go Forward
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The next step needed to extend the usefulness of road safety audits is to develop isolated analytical
safety models. This work is and has been actively pursued by the research community for the last
twenty years or more The role of this research is to 1dentify patterns of reported or observed risk so
they may be forecasted at similar locations. Researchers such as Hauer et al (1988), and Sayed et al
(1998) have developed extensive and elaborate regression models of varying levels of detail to
forecast collisions These models are aggregate unit risk models that forecast the combined results
of the probability of a collision and the consequences. A deficiency of the models is that they do
not permit the road designer to trade off the probability of a crash and the consequences of a crash
The success of regression models is determined in part by the quality of the accident data. The data
is usually obtained from the police accident form, or specialized accident reconstruction teams

The final step in the development of road safety audits is to derive Road Safety Analytical Models
from first principles. This work was started by researchers such as Solomon (1964) and Nilsson
(1993) and is being further developed by Navin (1999) and others. The key ingredients 1n this
research are a broad road safety knowledge, adequate mathematical skill and access to detailed and
accurate data. The role of this work is to develop models that help the engineer to design roads that
minimize the traveler’s nsk. These analytical road safety models should reduce the need for road

safety audits
Proactive Road Safety Design

The purpose of proactive road safety design or safety conscious design is to explicitly estimate risk
Not only should the total risk be estimated but also the components of risk. The following
discussion will outline models for the driver, the road, the vehicle and consequences

Drivers are given road guidance advice by a set of traffic signs that are sequenced using Positive
Guidance The positive guidance principle is- if it is impossible to build what drivers expect then 1t
is necessary to tell the driver what to expect. This simply says you should have “self explaining”
roads but, if for some reason you cannot, then you may use Bayes’ Rule to estimate dnver
expectations. Bayes’ Rule for a driver may be formulated as:
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P(BgrlA) = P<A|B;181;)(Bck)

where, P(BggrJA) = The probability that a dnver expects a good road ahead given warning advice A
P(A|Bgr) = The driver’s probability that warning A will be present on a good road (GR)
PBgr) = The driver’s prior (expectation) probability that the road is a good road (GR)
P(A) = The total probability of the warning sign by road type

This equation simply states a driver’s belief that a road 1s “good” in spite of a warnung sign A. This
relationship may be thought of as the “truth in sigming” rule. For example, if the driver does not
believe that you, as the design engineer, would place a dangerous curve on a good highway, even
though you put up a warning sign A, you are not believed so P(A[Bgr) will be small and you will
have httle influence on the driver.

An analytical approach such as this needs to be developed for traffic signs so engineers may
estimate a sign’s influence before it is installed The current system of manuals requires no
calculation and this in turn does not permit analysis and gives no estimate of a sign’s effectiveness
The sign control manuals assume drivers have perfect understanding of an obscure coding system
that is only fully appreciated by a few human factors experts

Road safety developed during design may be studied by rehability analysis This approach has been
successfully apphed to engineenng The design engineer need only define a failure mechamsm
such as stopping sight distance. The expected demand function for stopping sight distance can then
be developed for specific conditions. The supply function of the engineering charactenstic comes
from design standards or analytical models Given the demand and supply function, there then
exists a general performance function, G such that.

G =g(S-D)>0
where, G = a general function of performance,
S = the supply function of an engineering measure, and

D = the demand function of an engineering measure.

If the demand is greater than supply of the engineering measure, the system does not comply with
design standards and, by definition, has failed. There are a few safety related measures derived

from the general equations, specifically,

Margin of Safety = E(S) - E(D)
E(S)-E(D)

[Var(S)+ Var(D)]%

Reliability Index =p =

where, E(S) = the expected value of the supply characteristic
E(D) = the expected value of the demand characteristic
Var(S) = the variance of the supply characteristic
Var(D) = the variance of the demand charactenstic
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Given the reliability index, then the probability that D>S may be estimated as a 1:x chance of
occurrence, or the P(D?S). For example, a truck breaking for an emergency (locked wheels) has a
1:10 chance of exceeding the minimum AASHTO stopping sight distance on a wet pavement (see
Navin (1992))

The P(D>S) is a necessary but not sufficient condition for a collision. The total probability of a
crash may be estimated as:

P(crash) = P(crash | Den) P(Dem>Sem)

where, P(crash) = probability of a crash
P(crash | Dgy) = probability of a crash given some design measure, Dgy
P(Dem>Sgm) = probability that demanded engjneering measure Dewv, exceeds supply Sgy.

These relationships may be replaced by equations ddrived either from observations, first principles
or both.

The simplest relationship between a vehicle, road and driver is the friction circle or friction ellipse.
The relationship simply illustrates the best possiblg traction between the vehicle’s tires and the
pavement for acceleration, turning and braking or cambinations. These characteristics are usually
incorporated in the mathematical relationships presented for the reliability of the engineering
element of the road.

The consequences of a crash have been well docuniented by Ashton (1982), Nilsson (1993) and
others. In equation form the results are:

— 1]
c-aVc

where, ¢ = consequences
V. = speed change during collision
a = calibration constant
n = exponent, 4 for fatalities, 3 serious injury, i for PDO

Final Risk Equation

All the previous results may be combined to giv¢ a risk equation that will permit detailed
engineering analysis. The equation is:

R = E[ P(Bor | A) P(crash | Den) P(Den>Sem)]aV™

The relationship that will eventually evolve will be cgmplex. It will require considerable research
and testing to become operational. Once the equatiop is made operational then the road designer
will complete many of the road safety auditor’s task§. The auditor will take on a more difficult
level review of road safety issues possibly within the yalue engineering process as well as the pre-

opening audits.
CONCLUSION

The long run improvements require a theoretical apprpach that is based on risk minimization. To
do this requires a more fundamental understanding of|the mechanics underlying the risk equation.
There are suggested analytical approaches combining [Bayes' Rule to estimate driver expectations,
reliability analysis to study the demand and supply |of engineering measures, and equatons to
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estimate consequences. One of the more difficult areas of research will be that of dealing with the
driver. Currently, human factors is an ill-defined discipline populated by a few experts who are
unable to make the area analytical in a mathematical sense.

There will be increased mathematical complexity to use this new approach. The increased
complexity is needed to allow designers to estimate the risk associated with their design. The
ability to estimate risk and understand the mechanics behind risk, will allow highway design
engineers to respond with more authority to challenges based only on “common sense”. Ultimately
such theory will be a practical tool to help achieve a safer road in design.
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ROAD SAFETY IN EUROPE, SEPTE BER 21-23 1998
DESIGNING WITH SAFETY IN IND

By Steve Proctor and Martin Belcher, Directors, TMS Consultancy
and Steve Lawson and Bert Moms, Automobiie Association

1. ABSTRACT SU MARY

The work descnbed in this paper was commissioned by the Automobile Association
(AA) to promote action ansing from some of the AA Foundation for Road Safety
Research studies As part of the work, the AA and TMS Consultancy gathered
together a pane! of expenenced Road Safety Auditors and asked them to provide a
hst of their “top 20" commonly identified Safety Audit problems

There was surpnsingly close agreement between the auditors, with many problems
being identified on a number of occasions

The output from the exercise will be a bookiet, due to be published later this year

2. BACKGROUND

Trunk road and motorway schemes are designed to guidance set out in a senes of
Advice Notes and Standards produced by the Highways Agency, The Scottish Office,
the Welsh Office and the Department of the Environment in Northemn Ireland One of
the pnncipal objectives of the guidance is to ensure that new and improved roads
operate safely Highway Authonties for other road schemes (local authonties)
generally design major roads to the same pnncipies but will often have ther own
design guides for residential and industnal estate roads

Road Safety Audits are camed out to minimise accident occurrence once schemes
have opened The Road Safety Audit process has been compulsory on trunk road
and motorway schemes since 1991”2, and most local authonties now use a similar
process on schemes on local roads® Road Safety Audit involves checking schemes
at a number of formal stages dunng the design process

Despite the use of current design standards, acaidents do occur on some schemes
when completed On local roads it is not always possible to keep to design guidance,
whilst at the same time constructing schemes within highway land and within budget

One of the benefits of Road Safety Audit 1s that the auditor can suggest measures
that mitigate against the constraints imposed upon the design In addition, the Road
Safety Audit process is intended to identify potential accident problems that anse
through a combination of design elements For example, where a steep downward
descent, a bend, and a change in camageway type occur at the same point. Road
Safety Auditors are also expected to identfy design errors that could lead to
accidents and to use their expenence to suggest road safety engineenng treatments
within the design process

3. ROAD ACCIDENTS INVOLVING DIFFERENT ROAD USERS

The Road Safety Auditor uses road safety expenence to identify those aspects of
schemes that are likely to cause injury accidents Knowledge of how accidents are
caused, national and local accident trends, and the effectiveness of accident
remedial treatments are essential qualites of Road Safety Audit expenence This

Designing with Safety m Mind, Road Safety m Europe Conference, September 1998, page |
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section of the paper provides a background to the scale of acadent probiems for
vanous road users

In 1996, a total of 320,302 people were reported killed or injured In 235,939 road
traffic actidents in Great Bntain'®. The charts show the difference in the road user
casualty profile between urban and rural roads

Casualties by road user type - Casualties by road user type -
urban roads rural roads
Goods wehde Goods \ehde

As coopants Padastnans

3.1 Pedestrians

in 1996, a total of 46,381 pedestnans were killed or injured in road accidents - 15%
of all acadent casualtes Forty per cent of these were children under the age of 16
Most pedestnans - 95% of the total - were injured on built-up roads When accdent
nsk i1s measured in terms of accidents per distance travelled, pedestnans are shown
to be extremely vulnerable

3.2 People with disabilities

The Office of Population Censuses and Surveys has estimated that 14% of the
Bntish adult population has some form of physical, sensory or mental handicap®
Around 10% of the adult population have some form of mobility handicap People
with disabilities can sometimes be dnvers or cyclists, but most often they will be
pedestnans some of whom will be in wheelchairs Information on disability is not
routinely recorded in police accident records and it I1s therefore difficult to estimate
the scale of this problem However, a Transport Research Laboratory report
produced in 1995 revealed that 29% of people with a visual impairment reported that
they had been involved in an accident whilst crossing a road®®

3.3 Cyclists

In 1996, a total of 24,534 pedal cyclists were killed or injured in road accidents - 8%
of all acadent casualties One third of these were a child under the age of 16 Most
pedal cyclists - 91% of the total - were injured on built-up roads Studies have shown
that cycle casuaities are more hkely to be under-reported than injunes involving other
road users Cychsts are particularly vuinerable at roundabout junctions Like
pedestnans, cyclist casualties are high in terms of accidents per distance travelied

3.4 otor cyclists

in 1996, a total of 23,044 motor cychists and pillion passengers were killed or injured
in road acadents - 7% of all acadent casualties This figure includes moped and
motor scooter nders and passengers Three quarters of the casualties were injured
on built-up roads

Desigung with Safety in Mind, Road Safety 1n Europe Conference, September 1998, page 2
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3.5 Vehicle rs

Other vehicle users comprise car dnvers and passengers, bus occupants, and goods
vehicle dnvers and passengers In 1996, 205,277 car occupants, 8531 bus
occupants, and 10,458 goods vehicle occupants were killed or winjured in road
accidents

In 1996, just over 60% of all reported injury accidents in Great Bntain took place at
junctions Just over 12% of these junction accidents were at roundabouts

3.6 Location specific “control data”

Safety Auditors are expected to have a thorough knowledge of the type of problems
hkely to be associated with schemes, and the type of solutions that will prevent
acadents from occumng Ideally it should be possible to accurately predict the
acadent frequency likely to occur with any proposed highway scheme However the
random distnbution of accidents makes prediching numbers extremely difficult No
two schemes are identical in terms of land use, engineenng detall, traffic flow and
mix, and this makes it difficult to use an accident frequency at an existing scheme as
a predictor for a new scheme

It 1s possible to use control data to generate information on the type of accidents
ikely to be associated with certain eiements of design Roundabouts have been
shown to be very poor in terms of accidents involving two-wheeled vehicles, traffic
signals have a high proportion of nght tuming accidents, and loss of control accidents
occur on the outside of high speed bends

Safety Auditors should also use information from before and after studies help
determine which solutions will be most appropnate to the problems that they have
dentified For example, anti-skid road surface treatments have been shown to
reduce accidents by just over 50%

4. THE MOST COMMONLY IDENTIFIED DESIGN PROBLEMS

In order to highlight some of the problems most commonly identfied within Road
Safety Audit, the AA and TMS Consultancy brought together a group of seven
expenenced Road Safety Auditors The Auditors represented both the pnvate and
public sector, and were drawn from organisations in England, Scotland and Wales
Between them, they had expenence of several thousand Safety Audits, on a wide
range of urban and rural schemes The Auditors were tasked to identfy a range of
typical Road Safety Audit issues relating to different road users

TMS Consultancy, based on their expenence of carrying out over 500 Safety Audits,
initially produced a list of 52 common problems This ist was discussed with the
wider group of Auditors, and each member of the group then independently identified
their own "top 20" problems from the onginal ist The individual lists were drawn
together to form the composite "common problems” list shown in Table 1

Designing with Safety in Mind, Road Safety mn Europe Conference, September 1998, page 3
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Table 1: List of common Road Safety Audit problems

Road User Location Problem Score
Vehucle Roundabout  |lack of deflection encouraging hugh entry speeds 6
user/cychst
Vehicle user Lk actual speeds greater than design speed 5
Cyclist Link lack of contmauuty 4
Pedestnan All ly sited crossings / routes pot on desire lmes 4
Vehicle user Lnk signs/lamp columns m front of safety fence/signs 4
tected
Vehicle user Lmk/junction |signs obscured by vegetation (or other obstructions) 4
Visually All rly designed tachle pavang / tactle paving omitted 4
mpamred
Pedestnan/ All lack of dropped crossmgs / crossings not flush 4
wheelchair user
Cychst Link mussed opportunuty for cycle lanes 3
Cychst Link rly sited street furniture obstructing cycleways 3
Motor cyclist Roundabout [Inspection chamber covers m crculatory section and 3
exits
Pedestnan/ All {poorly sited street furnuture obstructing footways 3
wheelchair user
Pedestnan All lack of guard rails / not high visibibity 3
Vehicle user |Lmk embankments unprotected 3
Vehicle user Roundabout {too many entry lanes 3
Cychst Link lack of direction/warming/regulatory signs 2
Cyclhist Pelican missed opportumty for toucan 2
crossings
Vehicle user jLink see-through on existng roads 2
Vehicle user Link rly sited laybys 2
Vehicle user Link lack of temporary signs 2
Vehicle user Roundabout [poorly sited street furniture (especially chevron signs / 2
jmun: roundabout signs)
Vehucle user Roundabout/ |lack of ann-skid or insufficient length 2
traffic signals
Vehicle user Tnfﬁgﬁgmls poorly sited signal heads/ signal heads obscured 2

(The score indicates the degree of consensus between the seven Safety Auditors on
each of the issues )

The most common problem identified relates to roundabout design and the lack of
entry deflection, which leads to high entry speeds and possible loss of control

Designing with Safety in Mind, Road Safety in Europe Conference, September 1998, page 4
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acodents, or entry/circulatng accidents Pedal cychists and motorcyclists are
particularly vulnerable at roundabouts and are over-represented in the actident
statistics

Other common design problems include a lack of continuity in prowision for cyclists,
poorly sited pedestrian crossings, and inadequate or inappropriate design of features
for road users with mobiiity handicaps

5. SAFETY AUDIT PROBLEMS FROM A ROAD USER PRESPECTIVE

Road Safety Audit involves a number of detailled checking processes In addition to
the interaction between design elements, one of the other important checks camed
out involves assessing the safety of the scheme from different potential road users’
perspectives Dunng the design stages the Auditor has to imagine what it would be
like to walk, cycle and dnve the scheme The Auditor tnes to develop scenanos when
reading the scheme plans - "what happens if a bus pulls out from this lay-by at the
same time as a motor-cyclist travels around this bend?"

The problems listed above were summansed from a road user perspective, to
illustrate the specific safety problems identified for each user group

Pedestrians
= poorly sited crossings / routes not on desire hnes
* lack of guard-rail / guard-rail not “high-wvisibility”
People with disabilities
* lack of tactile paving / poorly designed tactie paving
» Jack of dropped crossings / crossings not flush
Cyclists
* lack of continuity of cycle facilites
» mssed opportunity for facilities
= lack of signs
Motor cyclists
s chamber covers in circulatory camageway and exits at roundabouts
Vehicle users
¢ on links
* actual speeds greater than design speed
* signs obscured by vegetation or other obstructions
* street furniture unprotected or in front of safety fence
s embankments unprotected
¢ atunctions
* lack of entry path deflection at roundabouts
* Jack of anti-skid surfacing at junctions and pedestnan crossings
= poorly sited traffic signal heads / signal heads obscured

Desiging with Safety i Mnd, Road Safety m Europe Conference, September 1998, page §
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6. EXA PLES FRO “THE TOP 20”

A more detailed analysis was then camed out for each road user problem that had
been identfied In each case road safety issues were listed, and recommendations
for improvements were noted Three examples are provided below

6.1 Problem for people with disabilities: Inadequate provision of
dropped crossings
Dropped crossings are provided at private accesses to allow vehicles to enter and

leave the camageway They are aiso provided at pedestnan crossing locations to
assist all pedestnans to cross the road in safety and comfort

Pedestnans with mobility problems are likely to benefit most from the provision of
dropped crossings This group includes the eiderly, parents with pushchairs, and
cyclists pushing theirr bikes But it 1s people in wheeichairs who are most senously
inconvenienced if dropped crossings are not provided, or if they are incorrectly laid

Safety issues

Some visually impaired pedestnans prefer to have a small upstand of the kerb at a
dropped crossing to distinguish between the footway and the camageway Whiist this
is satisfactory for most other pedestnans, non-flush crossing points can lead to
difficulties for people in wheelchairs

¢ An absence of dropped crossings may encourage pedestnans with mobiiity
problems to cross elsewhere — possibly in a more dangerous location

¢ High kerb upstands at pedestnan crossing points could cause peopie to tnp over

¢ Non-flush kerbs could iead to people 1n wheelchairs crossing elsewhere or
becoming “trapped” in the camageway

These problems are accentuated by incorrect or inappropnate use of tactile paving
Possible solutions

v Ensure that all pedestnan crossing points have flush dropped kerbs suitable for
wheelchair access

v Ensure the correct use of tactile paving in conjunction with dropped crossings

v Discuss specific problem sites with local groups representing disabled road
users, particularly where both visually impaired and wheelchair users are involved

6.2 Problem for cyclists: Inadequate provision of cycle facilities

Cycle facilities are provided to encourage cycling as a mode of transport Within this,
care 1s taken to ensure that the safety of cyclists is taken into account

In many cases cycle routes have been provided on footways, by installing erther
shared or segregated pedestnan/ cycle paths In some cases cycle lanes are
provided within the camageway.

The main points of confict for cyclists are at road junctions At traffic signals
advanced stop lanes have been used to assist cyclists, and at roundabouts cyclists
are sometimes encouraged to leave the camageway and share the footway

Designing with Safety m Mind, Road Safety 1o Europe Conference, September 1998, page 6
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Safety issues

Some new schemes still lack any specific provision, leaving cyclists to mix with motor
traffic without any protection Piece-meal provision of facilites such as toucan
crossings and advanced stop lines can leave cyclists stranded between features
Some of the common problems that increase risks for cyclists include

¢ Lack of cycle route continurty

¢ Missed opportunities such as the provision of a pelican rather than a toucan
crossing

¢ Poor signing, marking and maintenance of cycle routes

¢ Inadequate waming of the presence of cyclists to other road users
¢ Poor provision for cyclists at roundabouts

Possible solutions

v Develop a route based cycle strategy within a locality

v Undertake cycle user audrs to ensure continuity of route, and adequacy of signs
and markings

v Provide traffic calming to reduce the speed of motor traffic

v Consider site specific remedies at roundabouts such as “continental® road
markings

6.3 Problem for vehicle users: Lack of entry path deflection at
roundabouts

A roundabout i1s generally considered to be a relatively safe form of juncton control
Right-turn accidents can be eliminated by introducing a roundabout at a cross-roads
However, a roundabout where vehicle entry speeds are high can have a poor
accident record

The advice given to designers s that vehicles should not be able to enter the
roundabout on a path greater than 100 metres radius (this 1s known as the entry path
deflection) The tighter the radius, the slower the vehicles will enter the roundabout
Sometimes this 100m radius 1s not easy to achieve when there are more than two
lanes entenng the roundabout or where the geometry of the approach roads is
unusual

Safety issues

Lack of entry deflection results in high vehicle approach speeds This can lead to

¢ Vehicles failing to stop at the roundabout give way line resulting in entry and
circulating acadents

Shunt type accidents when the lead vehicle pulls up sharply
Vehicles colliding with street furniture in the central island

*

L

¢ Unsafe conditions for pedal cyclists and motor cyclists

These problems are accentuated by wet road conditions

Designing with Safety m Mmd, Road Safety m Europe Conference, September 1998, page 7
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@ The 2nd International Conference on Accident Investigation,
Reconstruction, Interpretation and the Law, October 20-23,1997
t

Highway 407 Safety Review: Observations and Impact
Frank Navin
Hamilton Associates, and
University of British Columbia, Civil Engineering

SUMMARY

Highway 407 in a new 69 km, 10 lane electronic toll road north of Toronto and 1s the largest single
infrastructure project ever undertaken 1in Canada. It is a design build project with a fixed cost of
$928 6 mulion The first phase which is the subject of the report 1s 36 km and has 6 lanes The
Highway 407 Safety Review was imtiated because of safety concerns raised by the Ontario
Provincial Police and others The review made 12 recommendations to improve the safety of
Highway 407 and future highways. The Ontanio government has implemented 11 of the
recommendations at a cost of $15 M This paper descnibes the process of amving at the
comnuttee's recommendations, the recommendations and how they have impacted road safety 1n
Canada

The Highway 407 Safety Review 1s an important point in the evolution of road safety in Canada
Thus is the first safety review of a major ighway in North Amenica The resuits of the review have
been widely reported 1n both the media and the engineening professional press

INTRODUCTION

The Ontano Provincial Police (OPP), after an unofficial dnve along the almost completed first stage
of Highway 407, declared 1t unsafe and a potential kuller mghway Their concerns were championed
by the Toronto Star newspaper as well as carned by television, and the road's safety became a public
issue that eventually required a safety review Figure 1 1s a typical example of the head lines that
appeared 1n many Toronto area newspapers.

Highway 407 1s an electronic toll road, one of the first and largest pubhic-private infrastructure
project ever undertaken in Canada The 69 km, 10 lane, $928 6 mullion route crosses the top of
Toronto and is developed to satisfy some local commuter traffic as well as commercial traffic that
wants to avoid the congestion closer to the city, see Figure 2. The first section that was to be
opened 1n October 1996 links Highway 10 on the west to Highway 404 on the east, with 6 lanes for
a total length of 36 km.

As a result of the OPP safety concerns and other interventions, the Ontano Government undertook a
safety review. On 15 January 1997 the Minstry of Transportaion for Ontanio (MTO)
commissioned the Professional Engineers of Ontario (PEO) to undertake a Review of Highway 407

Thus paper deals with the safety issues the commuttee studied along the original 36 km section It
provides some suggestions for further investigation and the impact of the review on huighway design
and safety 1n Canada
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Figure 2 Highway 407

PEO COMMITTEE

In anticipation of being asked to review Highway 407 the PEO contacted about 24 recognized
experts on highway design and road safety Six were asked to join the commuttee The commuttee
membership and preliminary terms of reference were approved by the PEO's Board of Directors 1n
early January 1997

The commuttee held 1ts first meeting on January 20, 1997 at which time the name of the commuttee
was changed and a few modifications were made to the terms of reference The name was changed
to “Safety Review of Highway 407" The amended terms of reference were

1 The commuttee will undertake an independent safety review to address whether approprnate
engineening standards were used 1n the design of Highway 407 This will include a review
of the design 1ssues raised by the Provincial Auditor and the Ontario Provincial Police



2 The Commuttee will also address the appropnateness of the outcome of the value
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engineering exercise on the design of Highway 407

In carrying out its work, the Commuttee will

e determine whether the hughway meets or exceeds Ontario standards which have a bearing on

road safety,

e determune whether the standards used and the design decisions taken in the design of the

highway were applied 1n a manner which appropniately addressed safety,

e determine whether cost-effective opportunuties were taken to enhance the highway's safety,

e consider whether there are any seemungly cost-effective opportunities to enhance the safety of

the huighway which ment consideration by the Minstry of Transportation

THE PROCESS

At the outset the commuttee recognized that since this was the first safety review of a major new
North American highway, 1t was likely to attract attention not only from engineers, but also from
other public-private consortia, the media, and infrastructure financial circles The commuttee was
placed under tight time constraints because the anticipated hughway opening was to be on March 31
The commuttee had seven official meetings extending over a total of seventeen days, reviewed about

150 documents, met with four stakeholder groups, and delivered the final report on 4 April 1997

The first task for the commuttee after refining and accepting the terms of reference was to put
together a work plan We decided to do as much of the work 1n paralle] as possible by assigning

tasks to individuals The tasks included the following

1

2
3.
4
5

OPP 1ssues

a median hugh mast hghting
median width

median bndge piers

ught loop ramps

some ditch configurations, and
g median barrier

o Qoo o

Review of plans for conformance with MTO design standards
Review of the Value Engineering exercise
Review of the orgamizational arrangements and their evolution

Review of the evolution of the design cnitenia for Highway 407

The questions asked 1n each area included,

HW N -

the current state of safety related knowledge

how did the current situation of Highway 407 came about,

were MTO design standards met

was safety conscious design undertaken and were cost-effective safety measures
considered

what cost-effective safety measures are available
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which had Deputy Ministers from Transportation, Economic Development, Consumer and
Corporate Affairs and Finance. All questions of policy were referred to cabinet CHIC was the
successful bidder 1n Apnl 1994 and the final design-build contract was signed on May 10, 1994 for
a fixed pnce of $ 928.6 million. During this time the government continued to build Highway 407
i the tradition MTO manner CHIC had to integrate and work around the MTO projects The
broad organization that finally completed Highway 407 1s shown 1n Figure 3 The major role of
each organization 1n the building of Highway 407 1s given 1n Table 1.
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Figure 3 The Highway 407 Development Organization

Table 1 Roles in Building Highway 407

Agency Role
Owner (OTCC) e the owner on behalf of the Government of Ontario
Independent agent (DELCAN) e validate progress payments
e approve that designs met terms of contract
e quality contro] and assurance
Expert (MTO) e provide expert advice to questions submitted by
OTCC
Developer (CHIC) ¢ develop Highway 407
e operate Highway 407
e maintain Highway 407
¢ transfer Highway 407 to OTCC after 35 years
Constructor (CHIConstructors) o design Highway 407
e construct Highway 407
Design Engineers (CHDC) e design Highway 407
e construct Highway 407
Specialists e provide specialty designs and advice
Operation (CHMC) ¢ maintain and operate Highway 407
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5. what should be done 1n the future

Papers were prepared on each topic and they formed the bases of the discussions that led us to our
conclusions and the final report.

Because the study was of such a high profile the PEO developed a media plan There was a press
conference after the first meeting of 20 January Other press briefings were help penodically
throughout the project to give factual material to the media Only the PEO media relations staff and
the committee chair spoke to the press. The press recorded some of the commuttee proceedings for
media matenal. The final press conference was attended by twenty five reporters

The total effort that went into the review was roughly 4000 person hours some of whi e
provided as part of PEOs professional responsibility The total cost was roughly $500,000 not
counting the ongoing PEO costs

THE DIFFICULTY OF THE PROBLEM

Highway 407 was designed to conform with the Ministry of Transportation of Ontario's Geometric
Design Standards and their Roadside Safety Manual These design standards were comparable to
those used throughout North Amenca This made judging the road's safety difficult, 1n part because
of the relative ranty of collisions, particularly fatalities, and the uniqueness of each highway design
The type of road being investigated 1s among the safest of roads so what the commuttee was
investigaing was a marginal change 1n safety and the process of increasing safety awareness in
design rather than the single 1ssue, “is the road safe?”

HIGHWAY 407 HISTORY

The Highway 407 comdor has a 45 year development history starting when 1t was designated 1n
1950 In the late 1970’s conceptual studies and some preliminary studies were started The
munistry 1ssued three prelimunary design reports, 1n 1983 and 1987 and by the early 1990s several
structures were being built

The relationshup between the public and private interests changed in January 1993 when an
innovative tolling partnership idea for Highway 407 was presented to cabinet The Private sector
would assume responsibility for designing, building, operating and maintaining the highway plus
collecung revenue. The government would secure financing and retain ownership through a crown
corporation The highway would be returned to government after the 35 year lease period In
February 1993 the’ Ontario Transportation Capital Corporation (OTCC) was announced as the
agency to build Highway 407 and staff assembled. An RFP for a value-engineering exercise, to
more efficiently develop Highway 407 as a toll facility was let in June 1993 The value-engineering
assessments were used to produce a new set of design critena The munistry then 1ssued 1ts request
for proposals (RFP) for the design and construction of Highway 407 in September 1993 with a
closing date of December 1993

Duning the period in November 1993, OTCC was legislated as a crown corporation reporting to the
Minister of Transportation, with responsibility to oversee construction of Highway 407 The
evaluation of the Highway 407 RFPs was carmed out by MTO along with a decision commuttee
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RESULTS

The commuttee concluded that “Highway 407 1s Likely to have simular safety as other 400 senes
highways 1in Ontano”. The review was divided 1nto a detailed response to the mandate outhined
earlier and a section that addressed the broad 1ssues of how to build an appropnate level of safety
into roads

Responses to the Mandate

The commuttee concluded that the development and organizational history did have an impact on
the eventual safety of the project First, CHIC was required to design their portion of the facility
withun a well-developed design context of structures already in place, and other decisions, many
going back to the 1970’s, that had already been taken by MTO. Second, the new organizational
structure for the Highway 407 partnershup changed the design cntena approval process normally
used by MTO. The new approval process was not as well defined as the previous MTO process
Finally, our review of the Highway 407 orgamzation failed to establish which, if any agency, had
assumed the traditional MTO role as the "guardian of public safety”. Our discussion with
stakeholders revealed that safety was implicitly considered by all agencies but the loss of a single
arbiter of road safety was of concern to the commuttee

In the opimon of the commuttee, the value-engineenng exercise was given an almost 1mpossible
task, that 1s, propose cost-reduction or other cost-effective methods to develop Highway 407
without reducing the road's safety In fact, the commuttee felt that the value-engineering was a
government directed cost-cutung exercise. The consortia used what the commuttee came to
understand as an accepted value-engineering practice, which was “if a standard 1s met, then safety 1s
not changed” Also, some proposed changes, such as the elimunation of, or postponing of an
interchange are extremely difficult if not impossible to analyze for safety impacts with existing
techniques The commuttee recommends that value-engineering be continued for highway's such as
407 but that safety be explicitly considered and that the simple adherence to standards 1s not good
enough for safety conscious design

After careful consideration, the commuttee also agreed with many of the OPP concerns such as,
median ligh mast lighting, median bnidge piers, tight loop ramps and the shape of some ditches
The commuttee did not share their concern about the traction properties of the concrete pavement
nor their suggestion for a continuous median barrier.

The commuttee was concerned by the general acceptance that "if the design standards are met then
the safety requirements are met". As an example of this approach, the MTO's clear zone standard of
10 m was ngidly maintained. The fact that a 4'1 side slope actually reduces the level 10 m clear
zone to an approximate equivalent of 7 m was not considered by the MTO geometnic design
standards, the designers, or OTCC

The detailed reviewer of plans for Highway 407 did indicate a number of areas where the MTO
design standards may not have been met There were no as-built drawings so the committee used
design drawings and himited field checking (snow covered the highway for much of the review
penod) to reach its conclusion

Finally, the commuttee tried to forecast the number of crashes that-mught occur along the road but
could only arnve at rough estimates based on huighways with some simular charactenstics Cost-
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effective calculations were not carried out except in a few instances such as for the median barner
The road’s safety, relatve to other roads, is outhned in Table 2 Some of the actions taken dunng
the road development, such as full illurination, median greater than 22 m and paved shoulders, all
tended to improve safety along the entire road Other design decisions, mostly at point locations,
tended to make the road somewhat less safe

Table 2 Relative Safety* of Selected Elements of Highway 407

Relative Safety
Element Considerably | Somewhat | Somewhat | Considerably | Impact
Worse Worse Better Better Extent

INlumination * all
Median >22 m * all
Paved Shoulders * all
High mast lights * point
Bndge piers * few
Sediment control * all
Radi1 of some ramps * few
Median X section * all

*rate assigned by F Navin only, does not appear in commuttee report

A qualitative estimate of the safety impacts of the improvements suggested by the commuittee are
given 1n Table 3 Generally, the road will be made somewhat more safe after the implementation of
the recommended changes A significant improvement can be achieved by protecing the high mast
hghts and median bndge piers to reduce the sevenity of impacts The remaiming improvements
achieve only a modest increase 1n safety Since ci1vil engineering infrastructure has been found to be
involved 1n more than half the fatalities on freeways, these changes should reduce fatalities Also,
about a thuird of all accidents involve the infrastructure, so the number of collisions will only be
marginally influenced

Building Safety into Roads

In the commuttee’s opimion the management of road safety by engineering design and operations
requires rethinking We felt that the present practice of ughway design was less than satisfactory
since many decisions affecting road safety are not based on the best available factual knowledge
Governments and professional associations need to mnvestigate the impact of design procedures on
road safety

When designing and operating a highway, the road safety failures are not always obvious The
traditional ways of redressing failures found 1n Structural engineenng, for example, do not work
well 1n road safety engineering To get the nght amount of safety 1nto a road, particularly with BOT
type procedures, requires a safety “guardian™ The commuttee thought that the best place for such a
guardian was within the MTO

Finally, the commuttee found an opportunity existed for the police (OPP) and safety engineers
(MTO) to cooperatively share information and expeniences They both have valuable experiences
and mnsights The commuttee recommended that the Minister of Transportation and the Solicitor
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General of Ontanio take steps to enhance the sharing of road safety knowledge and expenence
between the MTO and the OPP.

Table 3 Expected- Amount of Safety Improvement to Kighway 407

Device Somewhat better | Considerably better Extent Accepted
Review non-compliant sites * point yes
Crash devices on poles * pomnt yes
Crash devices at piers * point yes
Reshape median * all yes
Rumble strip * all yes
Reshape hydraulic structures * point yes
Barner extension * point ves
Flatten side siopes “ point yes
Toll s1gps * point yes
L oop ramp guidanc 2 * | few yes
Loop ramp friction * few no
Repaim markings * all yes |

*Estimates by F Navin only, does not appear 1n the commuttee report
IMFACT OF THE REPORT

The PEC had 1mpleruentz=d a media relations plan as already outlined The report and the procedure
to develop the report was well received by the news media An example of one o :he final
headline< in a major metropolitan newspaper read “When clear thinking 1s key, call 1n engineers” 1s
given 1n Figure 4 The media relations anaiysis by the PEO estimated that there were 24 mullion
media upressions between December 199€ and May 1997 generated by the Safery Review  Also,
what started out us a potential fight between the police and engineers eventually came to be reported
as an objective review by credible professional engineers After the imtial flurry of opinionated
reporting of the safety issues, the press reporting became more factual as they were give better
information

The impact on the design of new highways 1n Canada 1s already being felt A call for proposals for
a new toll highway has already specified the need to exphicitly consider safety and safety audits
Most provincial highway departments are reviewing or starting the steps to implement some form of
road safety audit or review

HOW TO AVOID A HIGH PROFILE PUBLIC REVIEW

The institutional arrangements for BOT projects must be changed to accommodate a guardian of
road safety just as there are guardians for the environment and finance. This safety agency or
guardian should, 1deally have a legislated mandate and be given both the authority and responsibility
to deal with 1ssues of traveler safety The commuttee recommended that the MTO would be a
suitable place for such an agency or guardian
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Dunng the review, the committee became convinced that safety conscious design, that 1s design
which required designers to go beyond sumply applying minimum codes or standards, needs to be
taught both to the profession and undergraduate students Safety conscious design includes all the
crash reduction devices found in the Forgiving Highway(reduces the consequences of a crash) and
the devices that help avoid accidents which are part of the Caring Highway(reduces the probability
of a crash). Also the design process should have an adequate "paper” trail that would allow review
of the salient features to understand the safety-environment-financial-operational trade-off that need
to be made in any design.

Currently there are two techmiques that could be used to reduce the chance of delaying a project
opening due to public concern, they are Safety Audits and Safety Reviews

Whatever process is used, the emphasis is for ongoing safety analysis before commussioning the
road Expenence has found that the 30 percent design point is one of the best points for a formal
safety review This 1s far enough along in the design process that real circumstances may be
considered but not so far along that it 1s difficult and expensive to change the design. Other reviews
should be undertaken at the planning stage, the 50 and 70 percent design points as well as a pre-

commussioning audit
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Figure 4 Headlines About the Review

FUTURE WORK

There should be a concerted effort on the part of the engineering profession, academics and major
agencies such as MTO, to teach and require safety conscious designs that includes all aspects of the
Forgiving Highway and the Canng Highway.

The highway safety research community must develop analytical methods that are easily used by
safety professionals for a systematic analysis of new and existing projects. Manuals must be
developed for multi-lane roads in more urban areas that outhne the best safety design practice The
practice of road safety must be taken from an art to an engineenng analytical process To help form
adequately detailed data bases all the institutions of the road safety enterprise such as departments
of transportation, police, coroners, insurance agencies, automobile association, and acadermcs must
join to share their knowledge and expenence
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CONCLUSION

The Safety:"Review of Highway 3407-found a_ pumber, of deficiencies -in the nstructional
arrangements. of BOT that can dimanish, road safcty Many of the safety concers. of -the pohce are
also those of the commuttee but a few weré not

‘1 MOSt constant-sarety weakness 10ung. by the committee 1n the design process was the prevailing
amtude that by meeting scme mxmmum-snmdard Sdf“ly was sausﬁedl The W%aknesc is ot tnique .

huray Anginanmn nA FanemAd s tmnct rode haced ansimassinn daceasc - A tharafrre

\U lusll\h ﬂ\' s..usuxwuus, NIU is luuuu 11F ARRUOL ‘\MC Laditu CMEIHULGIAE UCD}E{ID, NIU‘ lb, uxcxcxux»,
probably a nsk associated with_any publlshed munmum standards Demands for, fiscal restramt
fequirements of the environment, and other policy matters are legislated, so- “also should those of
road traveler safety

There 1s a need to encourage_safety- genscious highWay design’ that includes’ features of the
Forgwving Highway and -the Carmg HJghWay ~This will xequufe the -efforts of the engineering
profession, zcaderuss and major approving agcnénes such.a§ MTO to be successfully 1mplemented
Such safety conscious designs-should make the ‘repetition of an .e€xpenstve’ and’ exhatistive effort,
such as the Highway 407 Safety Review, unneces§ary
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At the time of this review Professor-Navin was the President of Harmlton Associates Of Vancouver
Bntush Columbia, a firm -of twenty cxght pcople of whom twenty are. engmeers w:th special
experuise in road safety engineenng: .Hamulton also has ofﬁces m Ontano as " Synectics
Transportation Consultants Incorporated and Peru as Peru Consultores Interational SA



